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ERRATA TO CR-158934 

The quant i ty  R should be replaced by the  quanti ty H* where H* i s  the 

normalized i r radiance a t  the  entrance aperture from a Lambertian scene, 

the radiance from which has been a r b i t r a r i l y  s e t  t o  unity.  The 

conclusions regarding the signal r a t i o s  on p. 3-12 a r e ,  however, cor rec t .  

2. P .  3-24 Change " ta rge t  height" t o  "tangent height '" 

3. P .  3-27 Para. 3.2.3, item (1)  spe l l ing ,  

Change Pycheliometer t o  Pyrheliometer 

4. P. 3-55 Para. 3.3.6 Change "with specul a r  ref lec tance. .  . . I '  

t o  "without specular  ref lec tance ......" 

5. P.  4-2 Table 4-1 Lineari ty component ( see  pp. 4-28, 29) omitted. 

This should be t 0.7 W/M2. The t o t a l s  are  

cor rec t .  
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PREFACE 

T h i s  r e p o r t  i s  t h e  c u l m i n a t i o n  o f  a  s tudy e f f o r t  f o r  t h e  des ign d e f i n i t i o n  o f  an 

E a r t h  Rad ia t i on  Budget S a t e l l i t e  System (ERBSS) ins t rument  concept which began 

i n  1976. Th i s  e f f o r t  has undergone r e d i r e c t i o n  on severa l  occasions on t he  

b a s i s  o f  new i n p u t s ,  m i ss i on  r e d e f i n i t i o n s ,  and mod i f i ed   constraint,^ and 

requi rements.  The o b j e c t i v e  o f  t h i s  r e p o r t  i s  t o  p resen t  t h e  r e s u l t s  o f  

approx imate ly  two years  o f  work. I nc l uded  a re  t h e  ins t rument  des ign concept, 

p resen t  m i ss i on  o b j e c t i v e s ,  t h e  des ign c o n s t r a i n t s  and requi rements which have 

evolved,  analyses p e r t a i n i n g  t o  e r r o r  budgets, and a  c o n s i d e r a t i o n  o f  ins t rument  

t e s t i n g  requi rements.  

I n  a d d i t i o n  t o  those l i s t e d  on t h e  t i t l e  page, t h e  au thors  would l i k e  t o  

g r a t e f u l l y  acknowledge t h e  ass is tance  o f  M r .  C. Woerner, M r .  R. Babcock, 

M r .  J .  Cooper, D r .  G .  L. Smith and M r .  E. H a r r i s o n  o f  NASA, Langley, 

M r .  M. Lu ther  o f  LTV, Dr. R. W i l l s o n  o f  NASA, JPL, D r .  R. Curran of' NASA, 

Goddard, M r .  R. Maschhoff o f  Gu l ton  and t h e  r e s t  o f  t h e  p a r t i c i p a t i n g  BASD 

s t a f f .  

Du r i ng  t h i s  s tudy,  ou r  co l league Don H i l l e a r y  o f  NOAA, NESS passed away. His 

c o n t r i b u t i o n s  t o  t h e  i ns t rumen t  c o n f i g u r a t i o n s  were major  and we have missed 

hav ing  t he  b e n e f i t s  o f  h i s  exper ience and expe r t i se .  Th i s  r e p o r t  i s  dledicaked 

t o  h i s  memory. 
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Sect ion  1 

INTRODUCTION 

Of t h e  s o l a r  energy i n c i d e n t  upon Ear th ,  a  p o r t i o n  i s  r e f l e c t e d  t o  space w h i l e  

t h e  remainder i s  absorbed by t h e  E a r t h  and i t s  atmosphere. The absorbed energy 

p rov ides  t h e  b u l k  o f  t h e  thermal energy t o  t h e  E a r t h  and i t s  atmospheric system 

and u l t i m a t e l y  r e t u r n s  t o  space as em i t t ed  o r  i n f r a r e d  r a d i a t i o n .  To ma in ta i n  

t h e  thermal  e q u i l i b r i u m  o f  t h e  Ear th ,  these i n c i d e n t ,  r e f l e c t e d  and em i t t ed  

components o f  t h e  E a r t h ' s  r a d i a t i o n  budget must be i n  balance. Me teo ro log i s t s  

and c l i m a t o l o g i s t s  agree t h a t  t h e  s p a t i a l  d i s t r i b u t i o n s  o f  t h e  E a r t h  r a d i a n t  

energy budget and t h e  temporal  v a r i a t i o n s  i n  these d i s t r i b u t i o n s  a re  t he  

fundamental p h y s i c a l  d r i v e r s  of  c l i m a t e .  The m iss ion  f o r  t h e  E a r t h  Rad ia t i on  

Budget S a t e l l i t e  System (ERBSS) ins t ruments  t hen  i s  t h e  measurement o f  the  

r a d i a t i o n  budget components, i . e . ,  t h e  incoming s o l a r  r a d i a t i o n ,  t e r r e s t r i a l l y  

r e f l e c t e d  shortwave r a d i a t i o n ,  and t h e  t e r r e s t r i a l l y  e m i t t e d  lrsngwave 

r a d i a t i o n .  Measurements made by t h e  ERBSS ins t ruments  f rom a  t h r e e  s a t e l l i t e  

system* w i l l  p rov ide  month ly  averages o f  t h e  r a d i a t i o n  components on var ious  

s p a t i a l  and temporal sca les.  Areas o f  l o c a l i z e d  warming ( p o s i t i v e  n e t  r a d i -  

a t i o n )  o r  c o o l i n g  (nega t i ve  n e t  r a d i a t i o n )  r ep resen t  t h e  energy sources and 

s i n k s  t h a t  d r i v e  t h e  atmospheric and oceanic  c i r c u l a t i o n s .  These meaisurements 

a r e  expected t o  p r o v i d e  improved understanding o f  c l i m a t e  and p o s s i b l e  pro-  

j e c t i o n s  o f  c l i m a t e  t r ends  l e a d i n g  t o  improved management, p l ann ing ,  and 

u t i l i z a t i o n  o f  food  supp l i es  and n a t u r a l  resources.  

The major  p o r t i o n  o f  t h e  s tud ies  necessary t o  c h a r a c t e r i z e  ins t rument  system 

concepts have now been accomplished. Under t h e  d i r e c t i o n  o f  t h e  NASA Langley 

Research Center,  Colorado S ta te  U n i v e r s i t y  and i t s  subcon t rac to r ,  B a l l  

Aerospace Systems D i v i s i o n  (BASD), have completed des ign d e f i n i t i o n  s tud ies  of 

t h e  ERBSS ins t rument  system. The r e s u l t s  o f  these s tud ies ,  which p r o v i d e  a  

b a s i s  f o r  t h e  gene ra t i on  o f  t h e  conceptual  i ns t rumen t  design, a re  con ta ined  i n  

t h i s  r e p o r t .  Sec t i on  2 o f  t h i s  r e p o r t  i s  a  rev iew o f  t h e  o v e r a l l  rn ission 

requi rements,  guide1 i n e s  and c o n s t r a i n t s  imposed on a  s c i e n t i f i c  o r  a  p r a c t i c a l  

*"Sampling Ana l ys i s  f o r  t h e  E a r t h  Rad ia t i on  Budget S a t e l l i t e  System M iss ion  
Based on O r b i t a l  Coverage and Cloud V a r i a h i  1 i ty" , E .  F. Har r i son ,  NASA Langl ey 
Research Center.  



bas i s .  The focus o f  t h e  r e p o r t ,  i . e . ,  t h e  d e s c r i p t i o n  o f  t h e  conceptual  i n s t r u -  

ment systems des ign,  i s  found i n  Sec t ion  3. The r e s u l t s  o f  va r i ous  ins t rument  

analyses a re  found i n  Sec t i on  4, w h i l e  Sec t i on  5  i n c l u d e s  system o r  component 

l e v e l  t e s t i n g  g u i d e l i n e s ,  recommendations, o r  cons ide ra t i ons .  

The bas i c  ERBSS i ns t rumen t  concept which has emerged from t h e  s tud ies  con ta ins  

e i g h t  sensor channels i nc l uded  i n  two i ns t rumen t  assemblies as i l l u s t r a t e d  by 

F igu res  1-1 and 1-2. The two assembl ies,  r e f e r r e d  t o  as t h e  Nori-Scanning 

Ins t rument  and t h e  Scanning Ins t rument ,  w i  11 be i n c l u d e d  i n  t h e  payloads o f  t h r e e  

o r b i t i n g  s a t e l l i t e s .  Two o f  these w i l l  be i n  t h e  TIROS-N se r i es ,  p robab ly  those 

des ignated NOAA-F and NOAA-G, and w i l l  operate i n  sun-synchronous, SI8O i n c l i n e d  

o r b i t s  w i t h  e q u a t o r i a l  c ross ings  a t  0730 and 1530 hours. The o r b i t a l  a l t i t u d e s  

o f  t h e  two TIROS-N spacec ra f t  w i l l  be 833 KM w h i l e  t h e  t h i r d  spacecra f t ,  

des ignated ERBS-A, w i l l  f l y  t h e  ERBSS ins t ruments  i n  a  lower  600 KM o r b i t  a t  a 

lower  i n c l i n a t i o n  angle;  p robab ly  about 56O. T h i s  spacec ra f t  w i l l  be a  v e r s i o n  

o f  t h e  AEM s e r i e s ,  m o d i f i e d  f o r  S h u t t l e  launch. F i gu re  1-3 i l l u s t r a t e s  t h e  t h r e e  

s a t e l l i t e  m iss i on  coverage w h i l e  F igu re  1-4 i s  an a r t i s t ' s  concept o f  t he  

ERBS-A/AEM spacecra f t .  

Two o f  t h e  f o u r  Ea r th  v i ew ing  channels i n  t h e  Non-Scanning Assembly have a  wide 

f i e l d  o f  v iew (WFOV) f o r  v iew ing  t h e  E a r t h  d i s c  f rom 1 imb t o  1  imb. The o t h e r  t w o  

channels have a  medium f i e l d  o f  v iew (MFOV) f o r  v i ew ing  a  10' E a r t h  c e n t r a l  angle 

(ECA). The WFOV channels measure an area o f  t h e  E a r t h ' s  su r f ace  w i t h  a  diameter 

o f  approx imate ly  5000 t o  6000 KM, w h i l e  t h e  MFOV channels measure an area 1100 KM 

i n  d iameter ;  a  f o o t p r i n t  approx imate ly  t h e  s i z e  o f  Texas. One o f  t he  WFOV 

channels and one o f  t h e  MFOV channels a re  f i l t e r e d  f o r  response o n l y  t o  

shortwave, i. e. , 0.2 t o  5  micrometers,  r a d i a t i o n .  The o t h e r  two channels a re  

u n f i l t e r e d  and measure t h e  t o t a l  o f  t h e  e m i t t e d  and r e f l e c t e d  r a d i a t i o n .  The 

e m i t t e d  component i s  determined by s u b t r a c t i o n  o f  t h e  shortwave measurement f rom 

t h e  t o t a l  measurement. A f e a t u r e  o f  t h e  des ign i s  t h e  a b i l i t y  o f  t h e  f o u r  Ea r th  

l o o k i n g  channels t o  be p e r i o d i c a l l y  r o t a t e d  f o r  a  s o l a r  c a l i b r a t i o n  or 

c a l i b r a t i o n  o f  t h e  t o t a l  channels by i n t e r n a l  blackbody t a r g e t s .  
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Dur ing s o l a r  c a l i b r a t i o n  the  f o u r  Ear th  l ook ing  channels have a common f i e l d  of 

view w i t h  the  f i f t h  channel, the  s o l a r  constant  radiometer. This  channel i s  a 

c a v i t y  radiometer which may be operated i n  t he  a c t i v e  mode. It serves as a 

reference f o r  the  o ther  ERBSS channels du r ing  s o l a r  c a l i b r a t i o n .  Charlnels 6, 7 ,  

and 8 are contained i n  the  cross t r a c k  Scanning Instrument.  The three-degree 

f i e l d  o f  view o f  these channels has an Earth f o o t p r i n t  ( a t  n a d i r )  o f  an 

approximately 45 k i lometer  diameter f o r  l o c a l i z e d  measurements. Channel 6 

responds t o  shortwave energy (0.2 t o  5 micrometers), w h i l e  co- reg is te red Channel 

7 measures longwave energy (approximately 5 pm and beyond). The e i g h t h  channel* 

responds t o  r a d i a t i o n  a t  1.64 micrometers and i s  used f o r  d i s c r i m i n a t i o n  of 

clouds from snow o r  i c e  f i e l d s .  However, the  optimum spec t ra l  i n t e r v a l  f o r  

Channel 8 i s  s t i l l  under study (see "System Implementation f o r  Ear th  Radiat ion 

Budget S a t e l l i t e  System", Cooper and Woerner, T h i r d  Conference on Atmospheric 

Rad ia t ion  o f  t h e  American Meteorological  Society ,  June 28-30, 1978. 

Th i s  inst rument  design d e f i n i t i o n  study has d i r e c t l y  bene f i t ed  from previous 

s tud ies  conducted by the  Langley Research Center o f  NASA. An experiment 

d e f i n i t i o n  study o f  a concept c a l l e d  Rad ia t ion  Cl imate Radiometer (RCR) o r  Solar  

and Ear th  Rad ia t ion  Moni tor  (SERM) under Contract  NAS 1-13501 w i t h  Colorado State 

U n i v e r s i t y  was conducted by a team o f  s c i e n t i s t s  and engineers from CSU, 

NOAA/NESS, Eppley Laborator ies,  Inc .  , and BASD. Add i t i ona l  l y  , the  ERB 

inst rument ,  f lown on Nimbus-6 and t o  be f lown on Nimbus-G, prov ided concepts and 

r e s u l t s  usefu l  i n  f o rmu la t i ng  the  ERBSS requirements, design concepts and t e s t  

requ i  rements con ta i  ned i n t h i  s repo r t .  

*Channel 8 as base1 ined f o r  t h i s  study. 



Sec t i on  2 

ERBSS MISSION REQUIREMENTS 

The miss ion  requi rements f o r  ERBSS can be ca tego r i zed  as s c i e n t i f i c  i n p u t s  

concern ing accuracy, r e p r o d u c i b i l i t y ,  and p e r i o d i c i t y ;  i ns t rumen t  requirements 

based on t h e  s ta tement  o f  work f o r  t h i s  s tudy;  and spacec ra f t  i n t e r f a c e  con- 

s t r a i n t s .  S c i e n t i f i c  requi rements f o r  ERBSS have been accumulated i n  numerous 

p u b l i c a t i o n s .  S i g n i f i c a n t  t o  t h i s  r e p o r t  a r e  NASA CR-132407, "An Experiment 

Def i n i  ti on Study f o r  a  Rad ia t i on  Cl imate Radiometer", November 19175; NASA 

TMS-72776, "Ea r th  Rad ia t i on  Budget Sate1 l i t e  System Stud ies" ,  May, 1977; and t h e  

"Proposed NASA C o n t r i b u t i o n  t o  t h e  C l  imate Program", J u l y ,  1977. Ins t rument  

c o n f i g u r a t i o n  requi rements such as channel s e l e c t i o n s  a r e  l a r g e l y  based on t he  

s ta tement  of work requi rements which have been i n f l u e n c e d  by p rev ious  s tud ies  

and t h e  ERB ins t rument .  Changes t o  t h e  s ta tement  of work have evolved on t h e  

b a s i s  o f  improv ing  i ns t rumen t  d e f i n i t i o n  and s c i e n t i f i c  requirements.  The 

spacecra f t  i n t e r f a c e  c o n s t r a i  n t s  a re  1  a r g e l y  based on TIROS-N i r l t e r f ace  

requi rements as t h e  AEM Spacecra f t  f o r  t h i s  m iss i on  i s  n o t  w e l l  d e f i n e d  as t h i s  

r e p o r t  i s  be ing  completed. 

2.7 RADIATION BUDGET MEASUREMENT REQUIREMENTS 

Cur ren t  s t ud ies  have focused on t h e  development o f  a  s a t e l l i t e / s e n s o r  system 

approach f o r  t h e  de te rm ina t i on  o f  E a r t h  r a d i a t i o n  budget parameters a t  t he  t o p  

o f  t h e  atmosphere on month ly  and l a r g e r  t ime  sca les  f o r  t h e  f o l l o w i n g  area 

r e s o l u t i o n s :  

250 by 250 KM reg ions  

e 1000 by 1000 KM reg ions  i n  t h e  T rop i cs  

l o 0  L a t i t u d i n a l  Zones 

@ Equator t o  Pole Grad ien t  

r Global  

Values f o r  E a r t h  albedo o r  shortwave r a d i a t i o n ,  longwave r a d i a t i o n  and n e t  

r a d i a t i o n ,  i . e . ,  incoming s o l a r  r a d i a t i o n  n i nus  shortwave and longwave rad ia-  

t i o n ,  w i l l  be determined f o r  t h e  r e g i o n a l  and zonal s p a t i a l  sca les .  The n e t  



r a d i a t i o n  w i l l  be determined f o r  t h e  equator  t o  p o l e  g rad ien t s  and g loba l  

s p a t i a l  sca les.  R e a l i z a t i o n  o f  these goa ls  and t h e  accurac ies  w i t h  which t h e  

components can be measured a r e  a  f u n c t i o n  o f  t h e  da ta  i n t e r p r e t a t - i o n  and 

a n a l y s i s  methods, o r b i t a l  coverage o r  sampl i n g  and i ns t rumen t  design. S ince t h e  

i ns t rumen t  measures o n l y  t h a t  energy a t  t h e  E a r t h ' s  su r face  d i r e c t e d  a t  t h e  

s a t e l l i t e ,  o t h e r  components d i r e c t e d  away from t h e  s a t e l l i t e  must be accounted 

f o r  by t h e  use o f  computer d i r e c t i o n a l  models. One purpose o f  thie ERB 

ins t ruments  f l own  on Nimbus 6 and 7 was t h e  improvement o f  t h e  c u r r e n t l y  used 

d i r e c t i o n a l  models f o r  va r i ous  scenes. Sampling s t u d i e s  and a n a l y s i s  

cons ide ra t i ons  have r e s u l t e d  i n  t h e  recommendation f o r  t h e  t h r e e  s a t e l l i t e  

m iss ions  mentioned i n  Sec t i on  1.0 and f o r  t h e  i ns t rumen t  f i e l d s  o f  view. The 

r e q u i r e d  minimum u s e f u l  ERBSS m iss ion  accurac ies  f o r  month ly  averages a t  t h e  t o p  

of t h e  atmosphere have been compi led f rom va r i ous  sc ience s t u d i e s  f o r  t he  

v a r i o u s  s p a t i a l  sca les  and a re  shown i n  Table 2-1. 

Table 2-1 

ERBSS Minimum Usefu l  Accuracy Requirements 

S p a t i a l  Scale Minimum Usefu l  Requi rement--W/'M2 - 
Longwave Shortwave Net, -. 

250 x 250 KM Regions 14 14 

1000 x 1000 KM Regions i n  T rop ics  15 15 

10' L a t i t u d i n a l  Zones 12 12 

Equator t o  Pole Grad ien t  4 

Global  1 

I naccu rac ies  assoc ia ted  w i t h  sampling, da ta  i n t e r p r e t a t i o n  and a n a l y s i s ,  and 

i ns t rumen t  f a c t o r s  a l l  have t o  be i nc l uded  i n  t h e  e r r o r  budget. From these 

m iss ion  requi rements,  t h e  i ns t rumen t  u n c e r t a i n t y  a l l o c a t i o n s  have been formu- 

l a t e d .  The medium and wide f i e l d  o f  v iew channels have a  requ i  rement f o r  a s i n g l e  

sample u n c e r t a i n t y  o f  14  W/M2. I nc l uded  i n  t h e  24 W/M2 a re  a  b i a s  component o f  

21 W/M2 and a  random component o f  13.0 W/M2. 

The o v e r a l l  m i ss i on  requi rement  f o r  t h e  so7ar cons tan t  measurement i s  an accuracy 

of  21.5 W/M2 w i t h  a  r e p r o d u c i b i  1 i t y  o f  20.3 W/M2. The des ign goal  f o r  t h e  s o l a r  



s o l a r  cons tan t  rad iometer  (Channel 5) i s  an accuracy o f  50.1 pe rcen t  o f  f u l  1 

s c a l  e  (equi  va1 e n t  o f  27 -37  W/M2) w i t h  a  reproduc i  b i  1 i t y  o f  50.02 percen t .  

Scanner da ta  mu1 t i p 1  i e d  by i n f l u e n c e  c o e f f i c i e n t s  f rom t h e  d i r e c t i o n a l  models are  

summed and averaged t o  p r o v i d e  month ly  averages f o r  t h e  250 by  250 k i l ome te r  

reg ions .  The no i se  e q u i v a l e n t  rad iance  (NEN) requirements f o r  Channels 6 

(shortwave) and 7  (longwave) a re  0.11 W/M2-SR and 0.13 W/M2-SR r e s p e c t i v e l y .  

Channel 8, used f o r  c l oud  d i s c r i m i n a t i o n  t o  a i d  i n  da ta  a n a l y s i s  f o r  Channels 6 

and 7, i s  r e q u i r e d  t o  have a  s i g n a l  t o  no i se  r a t i o  (SNR) o f  300: 1 a t  

ho = 1.639 um,  M = 0.1 pm, a  su r f ace  r e f l e c t a n c e  o f  0.1 and a  s o l a r  z e n i t h  angle 

o f  45O. * 

I n  a d d i t i o n  t o  t h e  accuracy, and temporal  and s p a t i a l  scanning requi rements,  t h e  

ERBSS has r e l a t e d  1  i f e t i m e  and f i e l d  o f  v iew requirements.  As a  major  exper iment 

i n  t h e  Un i t ed  S ta tes  c l i m a t e  program, t h e  ERBSS must per fo rm i n  space f o r  severa l  

years  w h i l e  y i e l d i n g  a  s t a b l e  da ta  ou tpu t .  Simp1 i c i t y  i s  a  key word f o r  t h e  ERBSS 

m iss ion  f o r  achievement of  t h e  l i f e t i m e  goal .  The ex tens ive  t ime  and space 

sampl ing s tud ies  which l e d  t o  t h e  s e l e c t i o n  o f  t h e  t h r e e  s a t e l l i t e s  and t h e i r  

o r b i t s  a l s o  l e d  t o  t h e  s p a t i a l  coverage o r  f i e l d  o f  v iew requirements summarized 

by Table 2-2. 

Table 2-2 

ERBSS SPATIAL COVERAGE REQUIREMENTS 

Channel Type Spa t i  a1 Coverage F i e l d  O f  View Requirement 

Wide FOV Limb t o  Limb 13Z0 AEM**, 125' TIROS'* 

Medium FOV l o 0  Ea r th  Cent ra l  Angle 88O AEM, 66' TIROS 
-1000 KM diameter  

Scanner 250 t o  500 KM averaged 3O 
from 30-50 KM image a t  
n a d i r  

*Dr. Robert  Curran, NASA, GSFC. 
**Does n o t  i n c l  ude spacec ra f t  a t t i t u d e  e r r a r s .  



Spec t ra l  responses and f i l t e r s  i d e n t i c a l  i n  concept t o  those  used f o r  t he  ERB 

i ns t rumen t  a re  suggested f o r  t h e  ERBSS m iss ion  ins t rument  channel s. Approxi-  

ma te l y  99.5% o f  t h e  s o l a r  rad iance  i s  i nc l uded  i n  wavelengths between 0 .2  pm and 

5.0 pm. Because o f  t h e  wide angles i n v o l v e d  f o r  t h e  medium and wide f i e l d  of view 

channels,  f l a t  o r  p l a n a r  f i l t e r s  a re  n o t  app rop r i a te  and a hemispheric dome of 

Suprasi l -W qua r t z  p rov ides  shortwave response f i l t e r i n g  f o r  t h e  app rop r i a te  MFOV 

and WFOV channels. One MFOV channel and one WFOV channel a r e  n o t  f i l t e r e d  and 

measure i r r a d i a n c e  over  t h e  e n t i r e  spectrum f rom approx imate ly  0.2 pm t o  beyond 

50 pm. The l ong  wave o r  e m i t t e d  component i s  t h e  d i f f e r e n c e  between t h e  t o t a l  and 

shortwave channel rad iance  measurement. The scanner shortwave channel a l s o  uses 

a qua r t z  f i l t e r  w h i l e  t h e  longwave channel f i l t e r  subs t ra te  i s  Type 11 diamond. 

An i n t e r f e r e n c e  t ype  bandpass f i l t e r  i s  suggested f o r  Channel 8. Table 2-3 

summarizes t h e  channel s p e c t r a l  responses and t h e  suggested f i l t e r  m a t e r i a l s .  

Table 2-3 

ERBSS SPECTRAL RESPONSES 

Channel Type Spec t ra l  Response Purpose 

Shortwave; MFOV, 0.2-5 pm, Suprasil-W Albedo measurement 
WFOV and Scanner Q u a r t z  F i  1 t e r  

T o t a l ;  MFOV and WFOV 0.2-50+ pm, u n f i l t e r e d  T o t a l  rad iance  measurement 

Longwave; Scanner 5-50+ pm, Type I1 Diamond Emi t ted  rad iance 
f i l t e r  w i t h  absorb ing  measurement 
shortwave c o a t i n g  

Cloud; Scanner 1.589-1.689 pm, I n t e r  Cloud d i s c r i m i n a t i o n  
fe rence  t ype  bandpass 
f i l t e r  

S o l a r  measurements a re  made by t h e  Channel 5 c a v i t y  rad iometer  which has a 10' 

f i e l d  o f  view. These measurements a re  p lanned t o  be made on a month ly  bas i s  a t  an 

app rop r i a te  t ime  i n  t h e  o r b i t  by r o t a t i n g  t h e  non-scanning assembly w i t h  i t s  

az imuth gimbal t o  a l l o w  s o l a r  a c q u i s i t i o n  by t h e  Channel 5 f i e l d  o f  view. The 

medium and wide f i e l d  o f  v iew channels a r e  r o t a t e d  a t  t h e  same t ime  t o  t h e i r  s o l a r  



viewing p o r t s  which are coreg is te red w i t h  the  Channel 5 f i e l d  o f  view. These MFOV 

and WFOV s o l a r  c a l i b r a t i o n s  are  thereby referenced t o  the  Channel 5 c a v i t y  

radiometer response p r o v i d i n g  t r a c e a b i l i t y  t o  o ther  standard c a v i t i e s  developed 

f o r  t he  ERBSS program. The i n f requen t  s o l a r  c a l i b r a t i o n s  a l so  l i m i t  exposure s f  

t he  quar tz  domes t o  s o l a r  i r rad iance ,  thus min imiz ing  UV exposure and subsequent 

t ransmiss ion degradat ion. 

2.2 INSTRUMENT DESIGN GUIDELINES AND CONSIDERATIONS 

Other than s c i e n t i f i c  requirements and spacecraf t  i n t e r f a c e  cons t ra in t s ,  a  se t  o f  

requirements which we choose t o  c a l l  design gu ide l i nes  and cons t ra in t s  have been 

imposed. These have been s p l i t  i n t o  two categor ies f o r  t he  non-scanning and 

scanning inst rument  assemblies. 

2.2.1 Desian Guidel ines and Considerat ions f o r  t he  Non-Scannina Assernblv 

To prov ide  a  b e t t e r  bas i s  f o r  t he  design o f  t he  non-scanning instrumlent assembly 

t h e  f o l l o w i n g  guide1 ines have been used. 

Detectors.  C i r c u l a r  wire-wound thermopi les o f  t he  type used on the  ERB experiment 

a re  suggested f o r  use on the  medium and wide f i e l d  o f  view channels. The so la r  

constant  sensor, on the  o ther  hand, w i l l  be a  cav i t y - t ype  radiometer probably 

operated i n  the  a c t i v e  mode. 

Apertures. The aper tures used f o r  s e t t i n g  the  f i e l d s  o f  view i n  the  medium and 

wide f i e l d  o f  view channels a re  as shown i n  F igure  2-1. They are  t runcated 

hemispheres having a  low emittance specular f i n i s h  on the  i nne r  surface. The 

angle 26,, as i nd i ca ted ,  i s  t he  t o t a l  unobscured f i e l d  o f  view and has a cosine 

response. The t o t a l  f i e l d  o f  view, 26,, inc ludes t h a t  p o r t i o n  o f  the f i e l d  

extremes i n  which the  de tec tor  i s  being obscured by the  aper ture.  I t  i s  a 

requirement t h a t  the  s igna l  de f ined by be equal t o  o r  g rea ter  than 75 percent  

o f  t h e  e n t i r e  s igna l  (assuming a  uni form ta rge t ) .  





I n - f l i g h t  C a l i b r a t i o n  and So lar  Viewing. The f o u r  medium and wide f i e l d  o f  view 

detec tors  which l ook  a t  the  Ear th  are g imbal led f o r  r o t a t i o n  t o  blackbody ta rge ts  

f o r  t he  t o t a l  channels and t o  a  s o l a r  v iewing p o s i t i o n  f o r  a l l  channels. As the 

f i e l d  o f  view apertures do no t  r o t a t e  w i t h  the  de tec tors ,  spec ia l  soliar viewing 

aper tures have t o  be used f o r  t h i s  app l i ca t i on .  The s o l a r  ca l ibrat icbn apertures 

s e t  t he  f i e l d s  o f  view w i t h  the  f o l l o w i n g  cons t ra in t s :  

o  The t o t a l  f i e l d ,  i . e . ,  X2 f o r  s o l a r  v iewing s h a l l  n o t  inc lude the  

spacecra f t  and s h a l l  be tangent t o  t h e  spacecraf t  mounting surface. 

o  The t o t a l  f i e l d  o f  s o l a r  v iewing s h a l l  n o t  i nc lude  the  Earth o r  i t s  

atmosphere. The extreme o f  t h e  f i e l d  s h a l l  n o t  exceed t h e  tangent  w i t h  

the  E a r t h ' s  atmosphere a t  an a l t i t u d e  o f  450 k i lometers  above the  

E a r t h ' s  surface. This  i s  t o  avo id  emi t ted  o r  sca t te red  radiance from 

t h e  Earth l imb  du r ing  s o l a r  c a l i b r a t i o n .  

Wi th  t h e  TIROS o r b i t a l  and launch parameters, t he re  i s ,  p o t e n t i a l l y  , a l a r g e  

v a r i a t i o n  i n  t he  angle between the  sun and the  o r b i t  normal. To have s o l a r  

i r r a d i a n c e  i n c i d e n t  upon the  s o l a r  c a l i b r a t i o n  p a r t s  a t  opportune t imes, azimuth 

g i m b a l l i n g  o f  approximately 235' i s  requ i red  a l l ow ing  r o t a t i o n  o f  t he  inst rument  

about the  nad i r  ax i s .  A minimum o f  90 seconds o f  s o l a r  v iewing t ime i s  des i rab le  

d u r i  ng s o l a r  c a l  i b r a t i o n .  

Data Sampling. Sampling o f  the  medium, wide, and s o l a r  constant  channels data i s  

done every 1.6 seconds i n  synchronizat ion w i t h  the  TIROS spacecraf t  c lock.  

High Contamination Launch Mode. The AEM spacecraf t  w i l l  be shut t le- launched i n  a 

h i g h l y  contaminat ing environment. P ro tec t i on  f o r  s e n s i t i v e  surfaces should be 

prov ided du r ing  t h i s  per iod .  

Weight and Power. While no f i r m  requirements have been formulated, the  weight and 

power o f  t he  non-scanni ng assembly i n c l u d i n g  the  gimbal were base1 i ned as f o l  lows: 

@ Weight: 25 ki lograms o r  55 pounds 

@ Power: 15 wat ts  average, 40 wat ts  peak. 



Identical Configuration. To the extent possible, there should be no difference 

between instruments for the AEM or TIROS missions. Differences in configuration 

should be easily modifiable by a field kit to the desired configuraticrn. 

2.2.2 Desian Guidelines and Considerations for the Scannina Assemblv 

Detectors. Detectors suggested for use in the scanner are Lithium Tantalate 

Pyroelectric detectors in the shortwave and longwave channels and Lead Sulphide in 

the cloud channel. 

Chopping and Sampling. There will be three chops by the scanner optical chopper 

per integration or sampling period, which is 0.053 second, in synchronism with the 

spacecraft clock. This makes the chopping rate approximately 55 Hz. The system 

wi 1 1  be configured so that a control 1 ed source wi 11  be ref 1 ected by the chopper to 
the detector during chopper closure. 

In-flight Calibration and Solar Viewing. Provision for solar calibration of the 

shortwave and cloud channels and a blackbody calibration target for the longwave 

channel will be included in the design of the scanning assembly. Azimuth gim- 

balling of approximately 235O of the scanning assembly is required for solar 

viewing with the possible orbital variations. 

Failure Mode Scan Position. The scan system will be designed so that the field of 

view can be positioned to the subsatellite or nadir position in the event there i s  

an incipient failure. That is, the scanner can be stopped at the nadir viewing 

position if the telemetry indicates a failure may occur. 

High Contamination Launch Mode. (Same as Section 2.2.1) 

Weight and Power. Baseline weight and power of the scanning assembly including 

the azimuth gimbal were as follows: 

@ Weight: 20 kilograms or 44 pounds 

@ Power: 30 watts average, 45 watts peak 



I d e n t i c a l  Conf igura t ion .  (Same as Sect ion 2.2.1) 

2.3 TIROS/AEM SPACECRAFT REQUIREMENTS AND CONSTRAINTS 

I n  t h i s  sec t ion ,  spacecra f t  requirements and c o n s t r a i n t s  which a f f e c t  e x t e r i o r  o r  

phys i ca l  areas o f  design are  considered. Various e l e c t r i c a l  i n t e r f t l c e  require- 

ments such as power l ine r i p p l e  o r  exact  command i n t e r f a c e s  which w i l l  have t o  be 

considered f o r  a very d e t a i l e d  design are  n o t  covered here. As the  AEMJERBS-A 

spacecra f t  f o r  t h i s  miss ion i s  n o t  as y e t  completely def ined, most o f  the  space- 

c r a f t  requirements have been generated from TIROS documentation. 

General Requirements and Const ra in ts  

Requirements app ly ing  t o  bo th  t h e  scanning and non-scanning inst rument  assemblies 

a re  inc luded i n  t h i s  sec t ion .  

Spacecraft  A t t i t u d e  Contro l  . Contro l  t o  + l o  i n  any a x i s  which produces a 21.4' 

e r r o r  f o r  two axes considerat ions,  w i l l  have t o  be used f o r  margin when calcu-  

l a t i n g  f i e l d s  o f  view. This  i s  an assumed AEM c a p a b i l i t y ;  TIROS c o n t r o l  i s  

somewhat b e t t e r .  

Spacecraf t  Time Scheduling. A 30-second margin has been a r b i t r a r i l y  assigned fo r  

f a c t o r s  such as o r b i t  l o c a t i o n  e r r o r s ,  command p r i o r i t y  i n t e r r u p t s ,  e t c .  

Spacecraft  Mounting. The two inst rument  assemblies w i l l  be mounted on the  

outboard sur face o f  t he  Equipment Support Module (ESM) o f  TIROS. Exact p o s i t i o n s  

have n o t  been es tab l ished a t  t h i s  t ime. The method o f  mounting i s  t o  be such t h a t  

t h e  assemblies w i l l  be e s s e n t i a l l y  t he rma l l y  i s o l a t e d  (minimum thermal 

conductance) from the  spacecraf t .  The e x t e r i o r  o f  t h e  ESM i s  m u l t i l a y e r  i n -  

s u l a t i o n  w i t h  absorptance = 0.12 and emittance = 0.6. 

Data Format. The TIROS In fo rma t ion  Processor (TIP) has a major frame p e r i o d  o f  32 

seconds. It cons is ts  o f  320 m i  nor frames each con ta in ing  832 b i t s  organized i n to  

104, 0.9375 m i l l i second  e i g h t - b i t  words c r  t ime s l o t s .  The p e r i o d  f o r  the  minor 



frame i s  0.1 second. Data are  f e d  i n t o  a l l o c a t e d  t ime s l o t s  i n  synchronizat ion 

w i t h  the  spacecra f t  c lock .  A l l  c locks,  d r i v e  systems, e t c . ,  must be i n  

synchron iza t ion  w i t h  the  spacecraf t  c lock.  

2 . 3 . 2  Tenta t ive  Spacecraft  Requirements and Const ra in ts  Pecu l ia r  

t o  t he  Non-Scanning Assembly 

Although some o f  these requirements have general a p p l i c a t i o n ,  they  are inc luded 

here s ince they a f f e c t  on ly  t he  non-scanning assembly. 

Maximum F i e l d  o f  View. Due t o  i n te r fe rence  from o the r  spacecraf t  ins t rumenta t ion  

and s o l a r  paddles, the  maximum t o t a l  con ica l  f i e l d  o f  view a1 lowed i s  132". 

TIP Data A l l oca t i on .  The non-scanning inst rument  i s  a l lowed th ree  t i m ~ e  s l o t s  o r  

24 b i t s  i n  a  m i  nor frame every 0.1 second. Th is  makes the  a1 1  owabl e  dal,a r a t e  f o r  

t h e  non-scanning i nstrument 240 b i t s  per  second i n c l  ud i  ng processed telernelry.  

Commands. The non-scanning assembly has been a l l o c a t e d  26 pu lse  d i s c r e t e  commands 

and th ree  mu1 t i  l e v e l  commands f o r  opera t iona l  purposes. 

Telemetry. The non-scanning assembly has been a l l o c a t e d  22 analog and 1 3  d i g i t a l  

B te lemet ry  channels. 

2 . 3 . 3  Ten ta t i ve  Spacecraft  Requirements Pecu l i a r  t o  t he  Scanning A:j~embly 

Uncompensated Angular Momentum. Uncompensated angular momentum generated by 

r o t a t i n g  mechanisms i s  requ i red  t o  be l ess  than 0 . 0 2  i n - lb -sec .  Therefore, 

mechanisms whose angular momentum i s  g rea te r  than 0.02 in - lb -sec  are  requ i red  t o  

have counter  r o t a t i n g  compensating momentum. 

T I P  Data A1 l oca t i on .  The scanner i s  a1 l oca ted  n ine  o r  t e n  t ime s l o t s ,  o r  72 t o  80 

b i t s  every 0.1 second. This  c o n s t r a i n t  makes the  a1 lowable data r a t e  720 t o  800 

b i t s  per  second i n c l  ud i  ng processed te lemetry.  



Commands. Nineteen pulse discrete commands and two multilevel commands have been 

a1 located to the scanner. 

Telemetry. Twenty-two analog and ten digital telemetry channels have been 

allocated to the scanner. 
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Section 3 

CONCEPTUAL DESIGN DESCRIPTION 

On the  bas is  of the  requirements, cons t ra in t s ,  basel ines ,  and des i res  experi- 

enced in the previous sec t ions ,  instrument concepts i l l u s t r a t e d  by Figures 1-1 

and 1-2 have been developed. Figures 3-1 and 3-2 provide three  views of the non- 

scanning and scanning assemblies. Although the  two a r e  separate assemblies f o r  

convenience and f l e x i b i l i t y ,  they a re  required t o  function much as a s ing le  

coregistered mu1 t i - f i e l d  of view instrument. 

3.1 G E N E R A L  DESCRIPTION OF ERBSS INSTRUMENTS 

T h e  Non-Scanning Assemb ly  has four channels f o r  measurement of shortwave and 

t o t a l  Earth radia t ion w i t h  two f i e l d s  of view; and a f i f t h  channel f o r  measure- 

ment of the  so l a r  parameter. Two of the  Earth-looking channel s have a wide 

f i e l d  of view so the radiance of the  e n t i r e  Earth d i sc  i s  measured; one of these 

channels i s  f i l t e r e d  by a small hemispherical quartz dome t o  1 imit  i t s  response 

t o  the  shor te r  wavelengths. 

The other wide f i e l d  of view channel i s  unfi 1 te red as  i s  one of the medium f i e l d  

of view channels. The f i e l d  of view i s  s e t  by a truncated hemispheric aperture 

so t h a t  a portion of the  Earth d i sc  corresponding t o  a ten degree Earth central  

angle (ECA)  i s  measured a t  the  proper spacecraf t  a l t i t ude .  The other channel of 

the  medium f i e l d  of view s e t  i s  f i l t e r e d  by a hemispheric quartz dome ident ica l  

t o  the  WFOV shortwave f i  l t e r .  The t o t a l  response MFOV and WFOV channels measure 

both the emitted and re f lec ted  radia t ion budget components while the  shortwave 

MFOV and WFOV measure only the ref lec ted o r  shortwave component. During ground 

data  processing, the emitted component i s  determined by an algorithm which 

sub t rac t s  the  shortwave data from the t o t a l  data and a l so  cor rec t s  fo r  data 

e r ro r s  on the  bas is  of housekeeping telemetry data (see Section 4 .0 ) .  

To provide frequent so la r  cal i b ra t i  on of these channel s ,  gimbal 1 i ng i s  provided 

in  two axes. One gimbal (see Figure 1-1) r o t a t e s  the  sensors ,  but n o t  the  







apertures,  approximately 81' from n a d i r  where s o l a r  observat ions are made 

through more l i m i t e d  f i e l d  o f  view p o r t s .  Rota t ion  about t h e  n a d i r  a x i s  i s  

p rov ided by an azimuth gimbal so the  sun can be brought w i t h i n  the  nairrow f i e l d  

o f  t he  s o l a r  po r t s .  The sensor gimbal can a l so  r o t a t e  180' from n a d i r  For 

c a l i b r a t i o n  o f  t h e  t o t a l  channels by c o n t r o l l e d  c a l i b r a t i o n  blackbodies. The 

f i f t h  channel i s  an e l e c t r i c a l l y  c a l i b r a t e d  c a v i t y  radiometer f o r  measurement o f  

t h e  s o l a r  parameter. It a1 so func t ions  as a reference du r ing  coreg is te red s o l a r  

v iewing w i t h  the  o ther  f o u r  channels. Ear th  albedo values are  determined from 

appropr ia te  r a t i o s  o f  t he  Ear th  and s o l a r  measurements. Charac te r i s t i cs  of the 

non-scanning assembly are  summarized and e laborated on i n  Sect ion 3.2 

The Scanning Assemb ly  has th ree  channels each o f  which have a c i r c u l a r  t h ree  

degree f i e l d  o f  view. One channel responds i d e n t i c a l l y  s p e c t r a l l y  t o  the  medium 

and wide f i e l d  o f  view shortwave channels. Longwave (o r  emi t ted)  radiance only 

i s  measured by another scanning channel. The t h i r d  channel i s  prov ided f o r  

d i s c r i m i n a t i o n  between clouds and snow f i e l d s  f o r  proper  da ta  i n t e r p r e t a t i o n .  

Once du r ing  each r o t a t i o n  o f  t he  scanner drum (see F igure  1-Z), the  longwave 

channel i s  c a l i b r a t e d  by a c o n t r o l l e d  blackbody source. I f  the  sun i s  i n c i d e n t  

from the  proper  angle, t h e  s o l a r  p o r t  i s  opened and t h e  shortwave and c loud 

channels a re  c a l i b r a t e d  by d i f f u s e l y  r e f l e c t i v e  ta rge ts .  The scanner a l so  can 

be r o t a t e d  about the  n a d i r  a x i s  so the  sun can be brought w i t h i n  the  approximate 

+_lo0 usefu l  inc idence angle on the  d i f f u s e r  t a rge ts .  The c h a r a c t e r i s t i c s  o f  t he  

scanning assembly are  summarized i n  Sect ion 3.3. 

3.2 NON-SCANNING ASSEMBLY 

Table 3-1 summarizes the  important  c h a r a c t e r i s t i c s  o f  t he  non-scanning assembly. 

I n  t h e  f o l l o w i n g  subsect ions, opera t ion  o f  t he  medium and wide f i e l d  o f  v i e w  

channels, i n - f l i g h t  c a l i b r a t i o n ,  s o l a r  constant  radiometer,  system e l e c t r o n i c s ,  

thermal requirements , and weight  and power budgets w i  11 be e laborated on. 



Table 3-1 

ERBSS NON-SCANNING ASSEMBLY CHARACTERISTICS 

F i e l d  o f  View Channels 1 and 3 Limb t o  l imb,  13Z0 cone 
Channels 2 and 4 10' Ear th  Centra l  Angle; 66" 

Cone (TIROS), 88O Cone (AEM) 
Channel 5 l o 0  Cone 

Spectra l  Response Channels 1 and 4 0.2 t o  5 pm 
Channels 2 and 3 0.2 t o  50+ pm 
Channel 5 0.2 t o  50+ pm ( s o l a r  constant)  

Basel ine Detector  Channels 1-4 C i r c u l a r ,  t o r o i d a l  thermopi le  
Channel 5 C i r c u l a r ,  e l e c t r o n i c a l l y  c a l i b r a t e d ,  

c a v i t y  radiometer 

Sol a r  Cal i b r a t i  on Channel s 1-4 1 0° 
o r  Space F i e l d  o f  
View 

Measurement Channels 1-4 1.6 seconds 
Frequency (Earth) 

So lar  Cal i b r a t i o n  A1 l Channels Monthly, every 1.6 seconds f o r  
Frequency 90 seconds o r  more 

O r b i t a l  A1 ti tude 600 k i  l ometers (AEM) , 833 k i  lo-  
meters (TIROS) 

Data Rate (Maximum) 160 b i t s  pe r  second 

Commands 28 

Weight 25 KG o r  55 pounds 

Power 15 wat ts  o r b i t a l  average 



3.2.1 Medium and Wide F i e l d  o f  View Channels 

The d i f f e rences  between t h e  f o u r  medium and wide f i e l d  o f  view channels are, as 

exp la ined e a r l i e r ,  t he  c o n f i g u r a t i o n  o f  t h e  f i e l d  o f  view apertures and the  

spec t ra l  f i l t e r i n g  employed i n  two o f  t he  channels. Other than t h a t ,  t he  

opera t ion  o f  t he  f o u r  channels a re  i d e n t i c a l  i n  t h a t  t he  de tec tors ,  a m p l i f i e r s ,  

and o ther  s igna l  processing e l e c t r o n i c s  are  e x a c t l y  t h e  same f o r  a1 1  channels. 

F igure  3-3 i l l u s t r a t e s  the  e l e c t r o n i c s  f o r  a  t y p i c a l  medium o r  wide f - i e l d  o f  view 

channel. Energy from the  scene i s  i n c i d e n t  on the  thermopi le  de tec tor  w i t h  t h e  

scene 1 i m i t e d  by the  f i e l d  o f  view aperture.  One s ide  o f  t he  de tec tor  f a c i n g  the 

source i s  heated and the  d i f f e r e n t i a l  thermopi le  ou tpu t  changes. That change i s  

a m p l i f i e d  by the  chopper s t a b i l i z e d  a m p l i f i e r .  S ignals a re  i n teg ra ted  f o r  1 .6  

seconds by the  i n t e g r a t o r  and sampled and he ld  by the  sample and ho ld  t o  be 

mu1 t i p l e x e d  i n t o  the  analog t o  d i g i t a l  conver ter .  

3.2.1.1 Medium and Wide F i e l d  o f  View Apertures 

The f i e l d  o f  view l i m i t i n g  aper tures have been designed w i t h  t h e  requirements o f  

Sect ion 2  p r o v i d i n g  gu ide l i nes  and l i m i t s .  The aper tures f o r  t he  f o u r  Earth- 

l o o k i n g  channels a re  shown by F igure  2-1. The requirements app l i cab le  t o  the  

designs are: 

e The s igna l  due t o  radiance w i t h i n  the  s o l i d  angle de f ined by must 

be equal t o  o r  g rea ter  than 75 percent  o f  t he  e n t i r e  signa'l, i . e . ,  due 

t o  262. 

(t For the  wide f i e l d  o f  view channels, t he  angle 26, must be l a r g e  enough 

t o  inc lude the  e n t i r e  Ear th  d isc .  

B The angle Z62 cannot exceed 132O on TIROS. 

(t The spacecra f t  a t t i t u d e  c o n t r o l  i s  one degree i n  any a x i s  o r  1.4' i n  

any d i r e c t i o n .  

F igure  3-4 shows 6, as a  func t i on  o f  62 f o r  meeting the  75 percent  s igna l  

requirement. On t h a t  bas is ,  t he  medium f i e l d  o f  view apertures can be sized. The 
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Figure 3-3 Typical MFOVlWFQV Channel 





The equat ions:  

a r e  used t o  d e f i n e  t h e  medium f i e l d  o f  v iew ape r tu re  dimensions. The r e s u l t s  o f  

such c a l c u l a t i o n s ,  u s i n g  F igu re  3-4 t o  e s t a b l i s h  6, f o r  62 = 33' ( T I R O S )  and 

ti2 = 44' (AEM) show t h a t  t h e  r a d i u s  f o r  t h e  TIROS ape r tu re  (Rsp) i s  l a r g e r  than  

t h e  sphe r i ca l  r a d i u s  f o r  t h e  AEM case. The sphere i s  s i z e d  f o r  t h e  l a r g e r  va lue  

and t h e  r e s u l t s  a re  shown i n  Table 3-2. 

Table 3-2 

MEDIUM FIELD OF VIEW APERTURE PARAMETERS 

TIROS AEM 

62 33O 44O 

6 1  25O 37O 

D 3.175 mm 3.175 mm 

R~ 19.4 mm 25.9 mm 

L 34.7 mm 30.1 mm 

T h i s  a l l ows  one MFOV ape r tu re  s i z e  t o  be manufactured f o r  b o t h  t h e  TlROS and AEM 

f l i g h t s .  The r e s u l t i n g  hemisphere i s  machined f o r  t h e  p rope r  ape r tu re  hole 

r a d i u s  as r e q u i r e d  by Table 3-2. For g i v e n  va lues o f  RsP, RD and ti2, RA and L can 

be determi  ned by combining t h e  equat ions:  

L t a n  6, = RA + R and D 



The value f o r  L i s  determined by s o l u t i o n  o f  t h e  r e s u l t i n g  quadra t ic  equat ion and 

RA i s  e a s i l y  determined a f t e r  t h a t .  A value f o r  61, i s  then computed from t h e  

equation: 

The r e s u l t  i s  t h a t  6,, RA, and L and Rsp a re  determined f o r  75% s igna l  p u r i t y  f o r  

t h e  TIROS f l i g h t  and from the  TIROS Rsp va lue f o r  t he  AEM f l i g h t .  The s igna l  from 

t h e  s o l i d  angle R,, which corresponds t o  t h e  view angle 6,, i s  75.7% o f  t he  t o t a l  

s i gna l  from view angle Q2 (which corresponds t o  62) f o r  TIROS. For t he  AEM 

values, R1/Q2 = 86.2%. 

The so l  i d  angle f i e l d  o f  view can be determined from the  double i n t e g r a l  : 

As shown by F igure  3-5, t he  de tec tor /aper tu re  has a cosine response between 

6 = 0 and 6 = 6,, w h i l e  from 6, t o  62 the  d ropo f f  i s  approximately a1 1 i nea r  

funct ion.  That i s ,  f ( 6 )  between 0 and 61 i s  cosine 61, w h i l e  f (6 )  between 61 t o  

62 i s  m6 + b. The values f o r  m and b are  e a s i l y  computed us ing  f(6,) = cos 6,, 

and f(62) = 0. The s o l i d  angle Rl = asin26, and 

For t he  T I R O S  MFOV values, f i t  = 0.561 1 SR and R, = 0.7415 SR. For AEM, 

Q, = 1.1378 SR and Q2 = 1.3206 SR. 
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To see t h e  e n t i r e  Earth d i s c  w i t h i n  t h e  angle 261 i n  the  wide f i e l d  o f  view 

channel w i t h  spacecraf t  a t t i t u d e  e r r o r s  included, t h e  26, angle i s  127' f o r  TIROS 

and 135' f o r  AEM. The c o n s t r a i n t  on TIROS t h a t  2b2 be l e s s  than 132' makes the  

spher ica l  r a d i i  o f  these apertures l a r g e r  than would otherwise be necessary. I f  

t h e  smal ler  TIROS spacecraf t  a t t i t u d e  e r r o r  i s  fac tored i n ,  however, a value of 

26, of 126' i s  poss ib le  f o r  TIROS. Reducing t h e  26, value from 127' t o  126' 

reduces the  spher ica l  rad ius  by lOmm as shown by Figure 3-6. The aperture 

parameters, RSp ( the  aperture opening rad ius)  and L ( the  aperture height) ,  were 

ca l cu la ted  f o r  var ious values o f  6, and 62 w i t h  t h e  r e s u l t s  shown i n  Figure 3-6 

and 3-7. While decreasing 261 reduces t h e  aperture, increas ing 2b2 a l so  reduces 

t h e  aperture (see Figure 3-7). Ca lcu la t ions  were made o f  t h e  aperture parameters 

w i t h  the  126' 26, and 132' 262 f o r  TIROS. The same spher ica l  rad ius  was then used 

t o  determine t h e  same parameters f o r  AEM. These are shown i n  Table 3-3. 

Table 3-3 

APERTURE PARAMETERS FOR THE WIDE FIELD OF VIEW APERTURES 

TIROS 

66' 

63' 

3.175 mm 

47.2 mm 

22.4 mm 

52.3 mm 

AEM - 
70° 

Again, a common value f o r  RSp has been es tab l ished f o r  bo th  TIROS and AEM 

instruments. For the  TIROS values, R1 = 2.4941 SR, Qn = 2.5613 SR, and 

R,/R2 = 97.4%. For AEM, R1 = 2.6815 SR, R2 = 2.7304 SR, andRl/R2 = 98.2%. 

The impact o f  these parameters on the  o v e r a l l  inst rument  s i z e  w i l l  be shown i n  

Sect ion 4.5. Typ ica l  f i e l d  o f  view responses are  shown f o r  a medium and wide 

f i e l d  o f  view channel by Figure 3-8. Various f i n i s h e s  have been considered f o r  

t h e  apertures and t h e  baseplate as designated by Figure 3.4. Sca t te r i ng  and 







thermal analyses have been performed (see Section 4)  t o  determine the bes t  

f in i shes .  The inner surface of the  aper ture  and the  baseplate were made black 

o r  high emi t tance;  specular  low emittance and black; and specular low emittance 

on both. Scat ter ing analyses indicate  t h a t  the bes t  overall  configuration i s  a 

black baseplate and low emittance specular  aperture.  However, a low emittance 

specular  f i n i sh  on both surfaces i s  c l e a r l y  acceptable. 

Subsequent thermal analyses have indicated a preference f o r  low emittance on 

both surfaces.  The l a rge s t  s ing le  contr ibutor  t o  sca t t e r ing  i n  the  shortwave 

channels i s  t he  Suprasil-W hemispheric spect ra l  f i l t e r .  This design, a carry- 

over from the  ERB program, has been modified t o  reduce the  radius. Th is  allows 

a l a rger  percentage of the dome t o  be included i n  the  transmission path during 

t he  so l a r  c a l i b r a t i on ,  t h u s  reducing poss ible  ca l ib ra t ion  inaccuracy. However, 

polar iza t ion analyses (see Section 4)  indicate  an increasing s e n s i t i v i t y  of the 

shortwave channel t o  the  s t a t e  of scene radia t ion as the  r a t i o  of the detector  

t o  f i l t e r  r ad i i  increases (see Section 4). For a detector  radius of 3.175 mm 
and a f i l t e r  radius of 6.35 mm, 14.9 percent of the  f i l t e r  area used f o r  Earth 

viewing i s  involved in the  so l a r  view. As the  r a t i o  i s  increased by decreasing 

the  f i l t e r  radius t o  5.475 mm, the  common area  i s  increased t o  19.2 percent. 

For the  l a t t e r  case ,  the  signal from a symmetrical polarized Earth scene, 

caused by a small zenith angle,  wil l  be 0.35 percent higher than t h a t  from an 

asymmetrical scene (zenith angle equals 5 7 . 5 O ) .  As this  e f f e c t  decreases 

rapidly  as  the  detector  t o  f i l t e r  r ad i i  r a t i o  decreases, a RD/RS r a t i o  o f  0 .5  

( R s  equal s 6.35 mm) i s  recommended. 

The spect ra l  response of the  shortwave channel i s  s e t  by the  natural t rans-  

mission of Suprasil-W quartz as shown by Figure 3-8. Approximately 99 percent 

of the  so l a r  energy* i s  included i n  the  spect ra l  band defined by t h i s  material .  

Darkening of t h i s  f i l t e r  due t o  u l t r a v i o l e t  o r  p a r t i c l e  radia t ion exposure i s  

t he  probable cause of signal reduction observed in the  ERB so l a r  channels. 

Transmission changes a t  the shor te r  wavelengths (0.2 t o  0.3 pm) a f t e r  exposure 

t o  e lec t ron ,  proton, and u l t r a v i o l e t  radia t ion have been noted i n  t e s t s  a t  

"M.P. Thekaekara, Applied Optics, Volume 13, No. 3 ,  March, 1974, p. 528. 





GSFC. ** The exposures were s i m i l a r  t o  those expected f o r  the  ERBSC; mission. 

Degradation appeared t o  l e v e l  o f f  a f t e r  1,200 equ iva len t  u l t r a v i o l e t  s o l a r  

hours a t  3.5 u l t r a v i o l e t  s o l a r  constants. P r e f l i g h t  exposures o f  t he  f i l t e r s  

t o  cause p r e - c a l i b r a t i o n  darkening w i l l  minimize i n - f l i g h t  changes. I t  should 

be noted, however, t h a t  ERB f i l t e r s  subjected t o  p r e f l i g h t  aging anid a l i gned  

f o r  maximum s o l a r  exposure e x h i b i t e d  considerable (up t o  20 percent)  diegradation 

a f t e r  launch. Another s i m i l a r  channel, shut te red  f o r  on l y  b r i e f  exposure and 

measurements, has shown a  change o f  one p a r t  i n  1700 over several years o f  

operat ion.  The secre t  t o  min imiza t ion  o f  the  f i l t e r  t ransmiss ion de!gradation 

would appear t o  be, (1) preaging by UV exposure and (2) min imiz ing  s o l a r  expo- 

sure. Therefore, t he  frequency o f  s o l a r  c a l i b r a t i o n s  should be consistent. w j t h  

t h e  e f f e c t s  o f  such c a l i b r a t i o n s  on f i l t e r  degradat ion and, thereby, t he  ca l  i b r a -  

t i o n  accuracy. 

3.2.1.2 Medium and Wide F i e l d  o f  View Detectors 

Dur ing the  study, bo th  wire-wound thermopi le  de tec tors  w i t h  a  f l a t  p l a t e  o r  

c i r c u l a r  d i s c  rece i ve r ,  and a  c a v i t y  type de tec to r  were considered f o r  the  

medium and wide f i e l d  o f  view channels. The c a v i t y  de tec tors  f o r  t h i s  a p p l i -  

c a t i o n  would be mod i f i ca t i ons  o f  t he  c a v i t i e s  be ing  considered f o r  Channel 5 

(see Sect ion 3.2.3). The c o n f i g u r a t i o n  f o r  t he  medium and wide f i e l d  o f  view 

channels would inc lude the  pr imary  and secondary c a v i t i e s  w i t h o u t  a  v j e w  1 i m i t e r  

except as prov ided by the  t runcated hemispheric aper tures.  Discussions w i t h  

JPL and Eppley/Gulton i n d i c a t e  t h a t  t he re  would be adequate space i n  the  ro ta -  

t i n g  sensor housing, as p r e s e n t l y  conf igured,  f o r  c a v i t y  detectors.  The advan- 

tages o f  t h e  c a v i t y  de tec tor  over t h e  f l a t  p l a t e  de tec to r  are: 

( 1  Improved rece i ve r  absorptance (hence b e t t e r  longwave leng th  response), and 

l e s s  s e n s i t i v i t y  t o  coa t i ng  degradat ion. 

(2) The c a v i t i e s  can be c a l i b r a t e d  e l e c t r i c a l l y .  ( F l a t  p l a t e  rece ivers  may 

a1 so incorpora te  t h i s  feature.  1 

The disadvantages o f  t he  c a v i t y  de tec tors  are: 

*%.A. N i c o l e t t a  and A.G. Bubanks, App l ied  Opt ics,  Volume 11, 1972, p. 1365. 



(1) Volume 

(2) Weight 

(3) Power (depends on mode of operation) 
(4) Time constant and 

(5) A shutter is required (ACR-IV, JPL only) 

The ACR-IV cavity radiometer made by JPL is generally operated in the active 
mode, i. e. , the irradiance incident on the primary cavity is proportional to the 
difference in the electrical power applied to the secondary and primary cavities. 
The applied electrical power maintains a constant heat flow from each cavity to 

the housing or heat sink. With the shutter closed, both primary and secondary 
cavities are exposed to about the same irradiance and the power difference is 
minimized. With the shutter open, the scene irradiance incident on the primary 

cavity reduces the electrical heat on that cavity necessary to maintain the 
constant heat flow to the housing. The change in the primary cavity electrical 
power is then proportional to the incident irradiance. In the passive mode, 

nickel resistance sensors measure the temperature difference between the two 
cavities ; that difference being proportional to the incoming scene i rradi ance. 

The ESP (Eclectic Satellite Pyrheliometer) of Eppley/Gulton employs a toroidal 

wi re-wound thermopi 1 e, nearly identical to the f 1 at plate thermopile receiver, to 
measure the temperature difference between the two cavities. In the active mode, 
heat is applied to the secondary cavity to null the thermopile output. Eppley 
feels no shutter is necessary as the thermopile sensor is both linear and 
sensitive over three decades and can measure very small temperature differences. 

Because of the better absorptance of the cavities, the spectral response is 

essentially flat to beyond 50 micrometers. This is not true of the flat disc 
ch has increased reflectance at longer wavelengths regardless of the 
. The electrical calibration feature of the cavities allows 

additional calibration points when rotated to look at space, regardless of the 

mode of operation. A Langley funded study is now underway at JPL to determine the 



p o t e n t i a l  f o r  c a v i t y  de tec tors  t o  operate i n  a  wide f i e l d  mode. Tes t ing  o f  a 

c a v i t y  de tec tor  w i t h  a  wide f i e l d  view l i m i t e r  was performed a t  JPL by Kendall i n  

1977. These t e s t s  show a  response s l i g h t l y  above a  cosine response which was 

probably caused by s c a t t e r i n g  i n  t he  view 1  i m i t e r  t h a t  was used. 

I n  i t s  s imp les t  form, the  thermopi le  de tec to r  may be considered as a  two te rmina l  

device whose output  i s  a  vo l tage p ropo r t i ona l  t o  t he  d i f f e r e n c e  i n  i r rad iances  

i n c i d e n t  on the  de tec tor  a c t i v e  r e c e i v e r  and reference rece i ve r  surfaces. 

I n t e r n a l l y ,  i t  may be considered as an a r r a y  of thermocouples. It i s  constructed 

by wrapping a  c o i l  o f  constantan w i r e  around an aluminum heat s i n k  where a 

p o r t i o n  o f  t he  constantan w i r e  i s  copper p l a t e d  t o  form t h e  thermocouples. 

I n c i d e n t  r a d i a t i o n  i s  absorbed i n  a  blackened 0.25-inch (6.35 mm) dianleter d isc -  

shaped rece i ve r  surface, changi ng i t s  temperature, and i n  t u r n ,  genera t i  ng a 

p r o p o r t i o n a l  n e t  ou tpu t  vo l tage from t h e  thermocouple array.  

It i s  t o  be emphasized t h a t  t h i s  t ype  o f  de tec to r  i s  now i n  use, with1 proven 

performance, i n  t h e  Ear th  Rad ia t ion  Budget (ERB) experiment aboard NIMBUS-6. 

F l i g h t  Eva lua t ion  Report Number Four, r e c e n t l y  publ ished,  shows t h a t  ERB Solar  

Channel 3, which cons i s t s  o f  a  thermopi le  de tec to r  exposed t o  the  sun a l l  of t he  

t ime,  has e x h i b i t e d  no s i  gni  f i cant  degradat ion a f t e r  two years i n  o r b i t  (<+0.1%). 

To ro ida l  wire-wound thermpoi les w i t h  approximately the  des i red  area have been 

made f o r  use on the  ESP, a  vers ion  o f  which has been inc luded as ope s f  t he  

channels o f  t he  Nimbus-7 ERB. Tests performed on the  ESP w i t h  i r r a d i a n c e  l e v e l s  

up t o  1.2 s o l a r  constants showed a  temperature change o f  l ess  than 1'6 and I -i near 

response over t h ree  decades (see Sect ion 4.0). The t o r o i d a l  conf igura. t ion 

prov ides a  h i g h l y  uni form response over t he  d i s c  rece iver .  This  type o f  

thermopi le  de tec tor  has a  balanced reference rece i ve r  w i t h  the  heat s i n k  between 

t h e  a c t i v e  and reference rece ivers .  This  balance and heat s i n k i n g  t,echnique 

minimizes the  e f f e c t  o f  any conduct ive thermal t r a n s i e n t s  and a1 lows a r e l a t i v e l y  

f a s t  t ime constant.  The ternperature d i f f e rence ,  AT, between the  act- ive and 

reference rece ivers ,  i s  n o t  a l lowed t o  reach h igh  values f o r  h igh  i n c i d e n t  f l u x  

l e v e l s ,  reducing the  e f f e c t s  of temperature dependent responsivi l ;# non- 

l i n e a r i t i e s .  The des i rab le  q u a l i t i e s  o f  wire-wound thermopi les are  good l i n e a r -  

i t y ,  low temperature c o e f f i c i e n t ,  long- term s t a b i l i t y ,  and s t r u c t u r a l  i n t e g r i t y .  



It should be noted t h a t ,  f o r  of f -normal  a x i s  image po in t s ,  the  de tec tor  presents 

a  c ross-sec t ion  which va r ies  as the  cosine o f  t he  o f f - a x i s  angle. Hence, the  

c i r c u l a r  w i  re-wound thermopi l e  de tec to r  i s  s a i d  t o  have a  cosine response 

c h a r a c t e r i s t i c .  

Whi le exact  data are  n o t  a v a i l a b l e ,  est imates have been made o f  t he  weight  and 

power increases associated w i t h  the  use o f  c a v i t y  radiometers r a t h e r  than t h e  

f l a t  p l a t  thermopi le.  Without a  shu t te r ,  the  weight  o f  each channel w i l l  i n -  

crease by 0.395 kg o r  0.87 Ibs .  This  est imate i s  based on use o f  90 percent  sf 

t h e  a v a i l a b l e  volume by a ma te r ia l  w i t h  the  dens i t y  o f  aluminum. The a v a i l a b l e  

volume i s  a  cy1 i nde r  o f  5.7 cm diameter and 6.35 cm he igh t  and a  volume o f  

162.6 cm3. I f  the  c a v i t y  de tec to r  can be operated i n  t he  passive motje, t he re  i s  

no need f o r  a d d i t i o n a l  power over t h a t  a l ready  a l l o c a t e d  per  channel. I n  the  

a c t i v e  mode, i t  i s  est imated t h a t  each c a v i t y  channel w i l l  r e q u i r e  approximately 

0.5 wat ts .  Use o f  c a v i t y  de tec tors  i n  a l l  f o u r  Ear th - look ing  channels w i l l  

r e q u i r e  an a d d i t i o n a l  1.58 kg o r  3.48 l b s .  i n  weight  and up t o  2.0 wat ts  o f  

power. 

Since the  shortwave channels do n o t  r e q u i r e  spec t ra l  response pas t  5.0 micro- 

meters, a  good compromise might  be the  use o f  passive c a v i t y  de tec tors  f a r  the  

t o t a l  channels and the  f l a t  p l a t e  thermopi le  f o r  t h e  shortwave channels. This  

would increase the  weight  by 0.79 kg and n o t  a f f e c t  t he  power. U n t i l  f u r t h e r  

s tud ies  and t e s t s  have been made o f  t h e  wide f i e l d  performance o f  the c a v i t y  

de tec tors ,  however, use o f  c a v i t y  de tec tors  f o r  t he  ERBSS medium and wide f i e l d  

o f  view channels cannot be recommended. A t  t h e  present ,  f l a t  p l a t e  thermopi les 

o f  t he  t o r o i  da l  c o n f i g u r a t i o n  are  recommended. 

3.2.1.3 Medium and Wide F i e l d  o f  View Signal Processing 

The s igna l  processing e l e c t r o n i c s  are  l oca ted  i n  c lose  p r o x i m i t y  t o  t he  de tec tors  

i n  t he  g imbal led assembly. The design i s  s i m i l a r  t o  t h a t  developed f o r  the  EWB 
s o l a r  channels by Gulton. The bas ic  con f i gu ra t i on  i s  shown i n  Figure? 3-9. The 

thermopi le  de tec tors  a re  DC devices and e l e c t r o n i c a l l y  chopped ampl i f i c a t i o n  i s  

employed t o  avo id  o f f s e t s  and temperature d r i f t  i n  t he  ampl i f i e r s .  



Figure 3-9 MFOV/WFOV S igna l  Processing Electronics 



From a low l e v e l ,  h igh  impedance DC s igna l ,  the  a m p l i f i e r  prov ides conversion to 

a h igh  l e v e l ,  low impedance AC s igna l .  The pos t  a m p l i f i e r  prov ides predernodu- 

1  a t i o n  f i l t e r i n g  as we1 l as s igna l  amp1 i f i c a t i o n .  The synchronous clemodul a-tor 

conver ts  the  s igna l  back t o  DC w i t h  b lank ing  employed a t  t he  sw i t ch ing  crossovers 

t o  e l im ina te  swi tch ing  spikes and preserve s igna l  l i n e a r i t y  t o  low l e v e l s .  The 

system f i l t e r  i s  a  gated i n t e g r a t o r  w i t h  an e f f e c t i v e  bandwidth equal t o  t h e  

r e c i p r o c a l  o f  tw ice  the  i n t e g r a t i o n  t ime. The i n t e g r a t i o n  t ime w i l l  be 

approximately 1.6 seconds and i s  synchronous w i t h  the  spacecra f t  c lock .  The 

i n t e g r a t o r  i s  r e s e t  every 1.6 seconds so t h e  ou tput  i s  s to red  by a  sample and hs l  d 

c i r c u i t  f o r  f u r t h e r  processing. 

To check the  l i n e a r i t y  and response o f  t he  e l e c t r o n i c s ,  a  p r e c i s i o n  v a r i a b l e  

l e v e l  vo l tage i s  gated i n t o  the  i npu t .  This  l e v e l  should be generated by a 

p r e c i s i o n  d i g i t a l  t o  analog conver ter .  The connect ions t o  the  remainder o f  the  

s igna l  processing e l e c t r o n i c s  which are  packaged outs ide  the  g imbal led sensor 

assembly are prov ided by a  sh ie lded f l e x  cable. Re fe r r i ng  t o  Figurc? 3-3, t he  

sampled and h e l d  s igna l  l e v e l  i s  mu l t i p lexed  w i t h  the  o ther  channels and house- 

keeping te lemet ry  f o r  s e r i a l  conversion by a  1 2 - b i t  analog t o  d i g i t a l  conver ter ,  

I n - F l i g h t  C a l i b r a t i o n  

I n - f  l i g h t  ca l  i b r a t i o n  of t he  ERBSS non-scanni ng assembly channels w i  11 be ac- 

complished us ing  blackbody t a r g e t s  f o r  t h e  t o t a l  channels and t h e  sun for a l l  

channel s. 

3.2.2.1 In-F1 i g h t  Cal i b r a t i o n  Blackbodies 

Two blackbodies c e n t r a l  l y  l oca ted  f o r  inst rument  balance w i  l l be ernpl oyed do 

c a l i b r a t e  t o t a l  Channels 2 and 3. The g imbal led de tec to r  assembly, w h i c h  

i n c l  udes t h e  herni spher i  c  quar tz  f i 1 t e r s  b u t  n o t  t h e  aper tures,  i s  r o t a t e d  180' t o  

t h e  blackbodies p e r i o d i c a l  l y .  The b lackbodies should be conf igured t o  have a 

f i e l d  o f  view f o r  t h e  de tec tor  cons i s ten t  w i t h  t h a t  o f  t h e  Ear th  aper ture.  That 

i s ,  t he  s o l i d  angle f i e l d  o f  view should be 2.56 t o  2.73 steradians F o r  t he  WFBV 
channel and 0.56 t o  1.32 steradians f o r  t h e  MFOV channel. I n  p r a c t i c e ,  these 



would probably be made f o r  t he  l a r g e r  f i e l d  o f  view f o r  t he  AEM o r b i t .  Wide f i e l d  

o f  view t a r g e t s  were prov ided by Eppley f o r  t he  ERB i n - f l i g h t  c a l i b r a t i o n .  A 

c y l i n d r i c a l  c a v i t y  wide f i e l d  o f  view t a r g e t  was f a b r i c a t e d  f o r  t h e  NASA Langley 

Research Center under Contract  NAS 1-12471 and i t s  design should be a candidate 

f o r  the  ERBSS mission. It i s  a n t i c i p a t e d  t h a t  p la t i num res i s tance  sensors w i l l  

be used f o r  c o n t r o l  and mon i to r ing  o f  t h e  blackbody temperature. A heater  w i l l  

r a i s e  the  t a r g e t  t o  e i t h e r  o f  two c o n t r o l l e d  opera t ing  temperatures. When the  

heater  i s  turned o f f ,  t he  blackbody should seek an e q u i l i b r i u m  temperature a t  

approximately t he  inst rument  temperature. The blackbody t a r g e t s  w i l l ,  

there fore ,  p rov ide  a th ree  p o i n t  c a l i b r a t i o n  o f  t he  t o t a l  channels. Contro l  

temperatures o f  375K and 335K would be usefu l .  It i s  est imated t h a t  leach t a r g e t  

w i l l  r e q u i r e  5.5 wa t t s  f o r  a 2.5 hour t ime  t o  reach 375K and 2.0 wat ts  t o  main ta in  

t h a t  temperature. The frequency o f  t h i s  c a l i b r a t i o n  w i l l  determine the  

s i g n i f i c a n c e  t o  the  average power requirement. 

3.2.2.2 I n - F l  i g h t  So lar  C a l i b r a t i o n  

To ob ta in  a s o l a r  c a l i b r a t i o n  o f  t he  f o u r  Earth-viewing channels, the  de tec tor  

assembly i s  r o t a t e d  p r e c i s e l y  t o  the  proper  s o l a r  v iewing angle. Special  

aper tures then have t o  be used t o  de f i ne  the  t o t a l  angle (Z2) and the  unob- 

scur red  angle (26,). An unobscured angle o f  5O = 10') and a t o t a l  angle o f  

9.6' ( X 2  = 79. 2') have been se lec ted  t o  meet t h e  design guide1 ines.  

There a re  f i v e  design gu ide l i nes  o r  r e s t r i c t i o n s  which a f f e c t  t he  s o l a r  aperture 

design: 

o A minimum two-minute sampling p e r i o d  w i t h  the  unobscured f i e l d  i s  

desi red.  

The t o t a l  angle should n o t  i nc lude  the  e a r t h  l imb  t o  a tangent  he igh t  

o f  450 k i  1 orneters. 

r The t o t a l  angle should n o t  i nc lude  any o f  t h e  spacecraf t .  

o The spacecra f t  a t t i t u d e  c o n t r o l  e r r o r  o f  1.4' (RSS) must be inc luded.  

@ Design i den t i ca lness  between the  TIROS and AEM i s  desi red.  



Viewing Time. For a  wors t  case AEM o r b i t a l  sunrate o f  t r a v e l  o f  3.71" per  

minute, 26, equals two minutes x  3. 71° per  minute + 1 .4° o r  8.82'. Therefore, t he  

smal les t  26, unobscured angle i s  n ine  o r  t e n  degrees. 

Ear th  Limb In te r face .  The Ear th  l imb a t  a  450 k i l ome te r  t a r g e t  he igh t  r e s t r i c t s  

t h e  view angle from t h e  spacecra f t  ho r i zon ta l  t o  20.2' f o r  TIROS and 15.9' f o r  

AEM. I n c l u d i n g  the  spacecra f t  a t t i t u d e  e r r o r ,  these become 18.8° f o r  T I R O S  and 

13.5' f o r  AEM. 

Spacecraf t  I n te r fe rence .  The angle above the  spacecra f t  ho r i zon ta l  i s  a  f u n c t i o n  

o f  t he  placement o f  t he  inst rument  on t h e  spacecra f t  mounting plat.form. The 

e l e v a t i o n  o f  t he  r o t a t i o n a l  a x i s  f o r  t he  sensor assembly and the  d is tance t o  the  

edge o f  t he  spacecra f t  a re  the  c r i t i c a l  areas. These cannot be i d e n t i f i e d  a t  

t h i s  t ime so assumptions regard ing  placement on the  spacecra f t  w i l l  have t o  be 

made. 

Spacecraf t  A t t i t u d e  Cont ro l .  The 1.4' RSS a t t i t u d e  c o n t r o l  e r r o r  i s  inc luded i n  

t h e  c a l c u l a t i o n s  so t h a t  t h e  Ear th  l imb  w i l l  n o t  impact t he  c a l i b r a t i o n  accuracy. 

Design Ident ica lness .  It appears t h a t  t he  aper tu re  s i z e  can be made i d e n t i c a l  

f o r  bo th  spacecraf t ,  b u t  t h e  tilt angle and r o t a t i o n a l  p o s i t i o n  w i l l  vary by 

about f i v e  degrees. 

F igure  3-10 i l l u s t r a t e s  the  s o l a r  c a l i b r a t i o n  aper tu re  c o n f i g u r a t i o n  and i t s  

angle o f  tilt w i t h  the  spacecra f t  i n t e r f a c e  plane. 

I f  we s e t  t h e  t o t a l  unobscured angle (26,) t o  t e n  degrees t o  be cons i s ten t  w i t h  

t h e  view angle o f  t he  s o l a r  parameter channel, Z62 equals 19.Z0 i f  the  d is tance 

from the  de tec to r  t o  t h e  aper tu re  i s  77.5 mm. Since TIROS can accommodate 18.8' 

from the  ho r i zon ta l ,  a view angle o f  0.4° above t h e  h o r i z o n t a l  and a t i l t  o f  9 . 2 O  

i s  requi red.  For AEM, the  inst rument  w i l l  have t o  be c lose  t o  the  edge t o  

accommodate a  view angle o f  5 . 7 O  above the  h o r i z o n t a l  and t h e  tilt angf e wi 11 be 

3. g0 t o  the  ho r i zon ta l .  The aper tu re  rad ius  i n  bo th  cases w i  11 be about 10 mm. 





It may be t h a t  the  inst rument  cou ld  be made i d e n t i c a l  and the  mounting i n t e r f a c e  

t i l t e d .  Viewing o f  the  s o l a r  o r  space scene by the  s o l a r  parameter channel 

prov ides a  c a l i b r a t i o n  reference f o r  t he  s o l a r  c a l i b r a t i o n  o f  the  medium and wide 

f i e l d  o f  view channels. 

3.2.2.3 I n - F l  i g h t  C a l i b r a t i o n  Mechanism 

The r o t a t i o n  mechanism f o r  the  blackbody o r  s o l a r  c a l i b r a t i o n  sequences needs t o  

p rov ide  accurate and r e p e a t i b l e  p o s i t i o n i n g ,  p a r t i c u l a r l y  i n  t he  s o l a r  v iewing 

pos i t i ons .  Data generated by the  TIROS spacecra f t  p rov ide  knowledge of  the  

spacecra f t  o r i e n t a t i o n  w i t h i n  the  e r r o r  band o f  the  a l t i t u d e  c o n t r o l  system w i t h  

an accuracy o f  0.14'. I t  i s  expected t h a t  t he  AEM spacecra f t  o r  o ther  

inst ruments inc luded i n  the  payload w i l l  p rov ide  t h e  same accuracy. Since the  

channels have a  cosine response over t h e  unobscured t o t a l  angle f i e l d  o f  view, an 

u n c e r t a i n t y  o f  0.14O a t  t h e  extreme o f  t h e  +5O f i e l d  has a  p o t e n t i a l  e r r o r  o f  

0.022 percent.  Other p o t e n t i a l  sources o f  e r r o r  i nc lude  the  aper tu re  areas ,  

f i e l d s  o f  view, and f i e l d  o f  view d i r e c t i o n  measurements. The f i e l d  o f  view and 

i t s  d i r e c t i o n  can be a f f e c t e d  by the  p o s i t i o n  o f  t he  de tec to r  w i t h  respect  Lo the  

aper ture.  A r e p e a t i b i l i t y  o f  p o s i t i o n  t o  0.14' over an expected range o f  180" 

requ i res  an accuracy t o  one p a r t  i n  1,300; c e r t a i n l y  an achievable f i g u r e .  The 

11 o r  1 2 - b i t  accuracy requ i red  can be prov ided d i r e c t l y  by the  12-bi t system ADC 

o r  by a  d i g i t a l  encoder at tached t o  t h e  mechanism. A r o t a t i o n a l  t ime o f  between 

t e n  seconds and one minute would probably n o t  cause an unacceptable l oss o f  data. 

A s tepping system w i t h  0.12O per  s tep opera t ing  a t  40 steps per  second a1 1 ows a 

180' r o t a t i o n  i n  37.5 seconds. 

Complementing the  e l e v a t i o n  g imba l l i ng  o f  t he  sensor subsystem i s  t he  azimuth 

gimbal. It w i l l  be capable o f  235' of t r a v e l  as a  minimum and should operate 

s i m i l a r l y  t o  t he  c a l i b r a t i o n  gimbal. I t s  purpose i s  t o  p rov ide  increased 

frequency o f  s o l a r  v iewing both  f o r  s o l a r  cons tant  measurements and channel 

c a l i b r a t i o n .  While p o s i t i o n i n g  t o  t h e  accuracy of t h e  c a l i b r a t i o n  gimbal i s  n o t  

necessary, knawledge o f  i t s  p o s i t i o n  i s  requ i red  t o  t h a t  accuracy. A posi"&on 

readout s i m i l a r  t o  t h a t  used f o r  t he  c a l i b r a t i o n  gimbal cou ld  be u t i l i z e d .  There 

a re  n o t  enough commands a v a i l a b l e  t o  p o s i t i o n  the  azimuth gimbal t o  a l l  the  



desired posit ions.  Three commands could be used; r o t a t e  forward, r o t a t e  a f t ,  and 

s top  rota t ion.  The l a t t e r  would be a timed command s e t  t o  stop the  ro ta t ion  a t  

the  posit ion computed from i n i t i a l  posit ion and rota t ional  speed i nforination. 

3.2.3 Solar  Constant Radiometer 

A prime mission goal i s  the  measurement of the  so l a r  constant  w i t h  an accuracy o f  

k0.1 percent and a precision of L0.01 percent. Radiometric standards necessary 

t o  ver i fy  performance of those levels  do not e x i s t .  Para l le l  development o f  

various cavi ty  radiometers has progressed i n  recent  years t o  the  point  where it 

i s  possible t o  ana ly t i ca l ly  determine t h a t  an accuracy of 40.1 percent with a 

precision of k0.02 percent i s  a t t a inab le .  A cavi ty  radiometer has been 

t en t a t i ve ly  se lected f o r  Channel 5 of ERBSS. Several candidate radiometers a r e  

l i s t e d  below. 

( 1 )  Eclect ic  S a t e l l i t e  Pycheliometer (ESP) developed by J .  Hickey of Eppley 

Labs. 

(2) Active Cavity Radiometer (ACR-IV) developed by R.  Wil lson of JPL. 

(3) Primary Absolute Cavity Radiometer (PACRAD) developed by J .  Kendalll of JPL. 

(4) PMO developed by Frijhlich and Brusa of Physikalisch--Meteorologisches 

Observatori um (PMO) , Davos , Switzerland. 

(5) CROM developed by Crommelynch of I n s t i t u t  Royal M4t6orologigue de Belgique, 

Brussels. 

( 6 )  A High Speed Active Cavity Radiometer (HSACR) approach was studied by t h e  

University of Wisconsin. 

The ESP will  be flown i n  August, 1978 on the  Nimbus-7 spacecraf t  as a channel o f  

the  ERB instrument. The ACR-IV i s  scheduled f o r  use on the Solar  Maximum Mission 

(SMM) and Spacelab 1 while CROM i s  the  contribution of the European Space Agency 

t o  Space1 ab 1 .  



Hickey, W i  1 lson,  and Suomi ,* have a1 l suggested simultaneous s o l a r  measurements 

be made by the  var ious  radiometers. As ERBSS w i  11 have th ree  concurrent  f l i g h t s ,  

simultaneous s o l a r  measurements by th ree  radiometers opera t ing  as Channel 5 o r  

t h e  same radiometers opera t ing  i n  d i f f e r e n t  modes o f  opera t ion  would be poss ib le .  

I n  June o f  1976, t he  ESP, two ACR-IV's and the  PACRAD were f lown an a  sounding 

r o c k e t  t o  measure the  s o l a r  constant.** The measurements show a  spread o f  o n l y  

0.37 percent  o v e r a l l  w i t h  on l y  a  0.07 percent  d i f f e r e n c e  between the  ESP and t h e  

A C R - I V .  

The ESP, as the  name suggests, i s  capable o f  opera t ion  i n  a  number o f  modes e i t h e r  

a c t i v e l y  o r  pass ive ly .  It i s  shown schemat ica l l y  i n  F igure  3-11. I t s  

unencumbered f i e l d  o f  view, as shown, i s  1.8', i . e . ,  t he  f u l l  0.5 cm2 c o l l e c t i n g  

area i s  unobscured over 1.8'. The c e n t r a l  angle i s  5' ; the  same as the  A C R - I V .  

For  ERBSS, the  unencumbered o r  unobscured f i e 1  d  o f  v iew w i  11 be l o 0  and the  t o t a l  

f i e l d  o f  view w i l l  be 19. Z O ,  making t h e  c e n t r a l  angle 14.6'. This  a l lows a  much 

s h o r t e r  (about 10 cm) view l i m i t e r  reducing t h e  o v e r a l l  package length.  The 

temperature d i f f e r e n c e  between the  two i n v e r t e d  cones i s  measured by a 

d i f f e r e n t i a l ,  t o r o i d a l  thermopi le  i d e n t i c a l  i n  concept t o  those recommended fo r  

Channels 1 through 4. I n  t he  " a c t i v e  Angstom mode" (Eppley reference) ,  t he  

secondary c a v i t y  i s  servo c o n t r o l l e d  t o  heat  up t h a t  c a v i t y  so a  n u l l  i s  

p r o p o r t i o n a l  t o  t he  r a d i a n t  power i n c i d e n t  on the  pr imary  c a v i t y .  I n  a  passive 

Augstom mode, t he  power on the  secondary c a v i t y  i s  p rese t  and the  temperature 

d i f f e r e n c e  between the  two c a v i t i e s  i s  measured by t h e  thermopi le .  The measured 

i rrad iance i s  then a  f u n c t i o n  o f  t h e  p r e s e t  power and t h e  temperature d i f f e r e n c e .  

The A C R - I V ,  shown schemat ica l ly  i n  F igure  3-12, i s  t he  l a t e s t  i n  a se r i es  o f  

c a v i t y  radiometers developed by JPL, i n c l u d i n g  the  PACRAD. The two con ica l  

c a v i t i e s  are  made and mounted as i d e n t i c a l l y  as poss ib le  w i t h  the  secondary 

c a v i t y  seeing o n l y  t he  housing. The pr imary  c a v i t y  sees the  view l i m i t e r  and the  

scene when the  s h u t t e r  i s  opened. I n  operat ion,  w i t h  t h e  s h u t t e r  c losed power o f  

a  magnitude equal t o  o r  s l i g h t l y  g rea te r  than a  s o l a r  constant  i s  app l i ed  t o  t he  

pr imary  c a v i t y  w i t h  an a c t i v e  servo ma in ta in ing  t h e  temperature d i f f e r e n c e  

"Pr iva te  communications. 
""Duncan, e t .  a1 . , Rocket Cal i b r a t i o n  o f  t he  NIMBUS-6 So lar  Constant Measurements, 

GSFC, March, 1977. Also, Duncan, e t . a l . ,  Appl ied Opt ics,  - 16, p. 2690, 1977. 
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Figure 3-1 1 Schematic Drawing of Eppl ey-Gul ton ESP 





between the  two cav i t i es .  Nickel  resistance probes are used as temperature 

sensors. When the shut ter  opens f o r  so la r  viewing, the servo adjusts the primary 

c a v i t y  power t o  mainta in the temperature d i f fe rence  between the primary and 

secondary cav i ty .  The measured i r rad iance i s  propor t iona l  t o  the d i f fe rence  i n  

power between the shuttered and open s ta tes  p lus  a small b ias  term. The length  o f  

t h e  view l i m i t e r  can be reduced t o  approximately 10 cm f o r  the 10' unobscured 

f i e l d  o f  view necessary f o r  the ERBSS mission. 

As a task  w i t h i n  a "Wide F i e l d  o f  View Earth Radiosi ty  Study" f o r  the  NASA Langley 

Research Center (Contract NAS 1-13204), conducted by the Un ive rs i t y  o f  Wisconsin 

i n  1974, a h igh speed ACR was among candidate detectors f o r  Earth viewing. A 

design approach was formul ated and various operat ional  analyses were performed bu t  

no hardware was produced o r  tes ted as p a r t  o f  t h i s  contract .  It was concluded t h a t  

detec tor  t ime constants on the order o f  twenty m i  11 i seconds were achievable w i t h  

ac t ive ,  closed-loop servo cont ro l .  Since t h i s  detector  has not  been developed o r  

tes ted  i n  f i n a l  form, i t i s  not, a t  present, being considered f o r  ERBSS use. 

Future development, however, may demonstrate the po ten t i a l  o f  t h i s  detector  f o r  

both  sol  a r  and Earth i r r a d i  ance measurements. 

There are de ta i l ed  accurate data ava i lab le  f o r  weight and power requirements f o r  

PMO o r  CROM. The PACRAD has a long t ime constant r equ i r i ng  a la rge heat s ink  mass 

t o  minimize the e f f e c t s  o f  thermal d r i f t s  i n  measurements. Although exact data 

are  not  ava i lab le ,  i t s  weight appears t o  be much greater  than the weight requ i red 

f o r  ESP o r  ACR-IV.  In format ion obtained from Gulton Indus t r ies  places the ESP 

weight a t  th ree pounds and i t s  operat ional  power a t  0.5 watts. Recent discussions 

w i t h  D r .  Wi l lson a t  JPL regarding a dual ACR- IV  sets i t s  weight a t  approximately 

6.5 pounds and the  power a t  f i v e  watts. It i s  supposed t h a t  both numbers could be 

halved f o r  a s ing le  u n i t  and t h a t  the f i v e  watts includes power f o r  c i r c u i t r y  no t  

needed i n  the ERBSS appl ica t ion.  A t  any ra te ,  monthly so la r  measurements r e s u l t  

i n  a duty cyc le  which makes the average power requirement f o r  e i t h e r  the ESP o r  the 

ACR- IV  negl i g i  b le .  

Whichever c a v i t y  radiometer i s  chosen fo r  f l i g h t  w i t h  the ERBSS, i t  i s  recommended 

t h a t  thermal/opt i  ca l  /e l  e c t r i  ca l  model 1 i ng he performed t o  i d e n t i f y  e r r o r  terms 

and t o  minimize those e r ro rs  through design o r  data processing techniques. 



System Elec t ron ics  

The funct iona l  b lock  diagram o f  Figure 3-13 provides a capsule view o f  the  e n t i r e  

system e lec t ron ics .  As discussed i n  Section 3.2.1.3, the DC s ignals from the 

thermopile detectors are ampl i f i e d  by a chopper s t a b i l i z e d  ampl i f i e r ,  

demodulated, integrated,  and sampled and he ld  f o r  mu1 t i p l e x i  ng t o  the A t o  D 

converter. The f i v e  channels and a t  l e a s t  13 te lemetry channels needed fo r  data 

reduct ion o r  i n t e r p r e t a t i o n  are d i g i t i z e d  t o  12 -b i t  reso lu t ion  (4,095 leve ls) .  

Three, e i g h t - b i t  t ime s l o t s  are a1 l o t t e d  t o  the  non-scanning assembly, o r  24 b i t s  

every 0.1 second. The major frame per iod  i s  32 seconds a l lowing 20 data cycles 

every major frame. Two 12-bi t words can be converted every 0.1 second prov id ing 

a maximum data r a t e  o f  240 b i t s  per second. This al lows 27 housekeeping 

conversions p lus  the f i v e  data channel conversions every 1.6 seconds. Two 12-b i t  

conversions w i  11 be made every 0.1 second and the data stored o r  b a f f l e d  f o r  

readout i n t o  the  TIROS In format ion Processor as three, e i g h t - b i t  words. 

Dr ive  systems are inc luded f o r  the three mechanisms, i .e . ,  the c a l i b r a t i o n  

gimbal, the azimuth gimbal and the so la r  constant radiometer shut ter .  The gimbal 

d r i ves  w i l l  requ i re  on ly  simple d r i v e  systems such as a geared-down stepper. The 

c a l i b r a t i o n  gimbal d r i ve  (see Section 3.2.2.3) requires good accuracy and a 

l a rge r  gear r a t i o .  A geared-down stepper o r  a torquer device would be used f o r  

t h e  so la r  constant radiometer shut ter .  The system con t ro l  l o g i c  and c i r c u i t r y  

w i l l  generate the necessary d r i ve  c locks and reference leve ls  whi le  the power 

supply w i l l  generate the necessary motor d r i ve  voltages which are der ived from 

the  28-vol t pulse 1 oad power1 i ne. 

System command requirements are summarized i n  Table 3-4. Twenty-three commands 

have been i d e n t i f i e d  f o r  16 command funct ions. The add i t i on  o f  f i v e  spares 

br ings the t o t a l  t o  28. The main instrument ON/OFF turns  on the  +28 v o l t  main 

power and the +28 v o l t  pulse load power buses t o  the instrument. Power i s  



Figure 3-13 Non-Scanning Assembly Functional Block Diagram 



Table 3-4 

PULSE DISCRETE COMMANDS 

Funct ion 

Main Inst rument  Power ON/OFF 

Channels 1 through 4 ON/OFF 

Channel 5 ON/OFF 

Detec tor  P l a t e  Temperature Cont ro l  ON/OFF 

Standby Heater Power ON/OFF 

Blackbody No. 1 HIGH 

Blackbody No. 1 LOW 

Blackbody No. 1 OFF 

Blackbody No. 2 HIGH 

Blackbody No. 2 LOW 

Blackbody No. 2 OFF 

Channel 5 Shu t te r  Open/Close 

C a l i b r a t i o n  Gimbal Forward/Reverse 

Azimuth Gimbal Forward 

Azimuth Gimbal Reverse 

Azimuth Gimbal Stop 

Spares 

Number o f  Commands 



supplied t o  Channels 1 through 4 by the  second command function while Channel 5 

ON/OFF a1 lows independent control of the  so l a r  monitor. Power f o r  the  detector  

p l a t e  heater  and control system can be turned on or off  by the four1;h command 

function. Standby heater  power ON/OFF bypasses the  main instrument power t o  t u r n  

on instrument heaters during an instrument off  mode. This allows the instrument 

t o  reach equi 1 i  br ium a f t e r  turn-on more quickly. The blackbody comn~and, when 

high, s e t s  the  blackbody t o  i t s  highest control temperature, proba~bly about 

375K. The blackbody low command s e t s  the  blackbody a t  an intermediate tempera- 

t u r e  whereas OFF a1 lows the  blackbodies t o  go t o  an equi 1 ibrium temperature 

c lose  t o  the  instrument temperature. The Channel 5 shu t te r  i s  opened f o r  so la r  

monitoring or space reference and remai ns closed f o r  in ternal  cal i  b ra t i  on. 

A ca l ib ra t ion  gimbal forward command automatically sequences the detectors  t o  

t he  next posi t ion in  t h a t  d i rect ion.  To go from the  Earth posit ion t o  the 

blackbody pos i t ion ,  f o r  exampl e ,  two commands a r e  necessary. The second command 

i s  given a f t e r  the  intermediate o r  so l a r  ca l ib ra t ion  posit ion i s  reached. A 

reverse command follows the  same sequence and automatic turn-off i s  implemented 

i f  the  wrong command i s  given and the  gimbal goes by a stop posit ion.  The 

azimuth gimbal posit ion i s  controlled by three  commands; forward, reverse,  and 

stop.  The l a t t e r  command i s  a  timed command, following the  forward or reverse 

command by a calculated time period,  t o  allow stopping a t  a  predetermined po- 

s i t i o n .  The posi t ion i s  ver i f i ed  by the  readout and readjusted i f  necessary. 

The s t a t e  of each command i s  ve r i f i ed  by a voltage level t o  the  Digi ta l  B 

telemetry system. 

A t o t a l  of 37 analog telemetry points  have been iden t i f i ed .  Twenty-three, and 

possibly more of these ,  wi l l  be multiplexed and d ig i t i zed  f o r  inclusion w i t h  the  

sensor data on the TIP. Table 3-5 l i s t s  the analog telemetry functions t o  be 

monitored. The 14 points  not mu1 t ip lexed a r e  monitored by the  spacecraft  analog 

telemetry system. 

Five voltage buses a r e  avai lable  from the  spacecraf t ;  +28 Volt Main, a28 V o l t  

Anal og Tel emetry , +28 Vol t Pul s e  Load, +10 \!ol t , and +5 Vol t. The l  a l t e r  two 



Table 3-5 

ANALOG TELEMETRY 

Channel 1 Aperture Temperature* 

Channel 2 Aperture Temperature* 

Channel 3 Aperture Temperature* 

Channel 4 Aperture Temperature* 

Channel 5 Housing Temperature* 

Channel 5 Aperture Temperature* 

Blackbody Number 1 Wall Temperature 

Blackbody Number 1 B a f f l e  Temperature 

Blackbody Number 1 Base Temperature* 

Blackbody Number 2 Wall Temperature 

B l  ackbody Number 2 Baf f 1 e Temperature 

Blackbody Number 2 Base Temperature* 

Inst rument  Housing Temperature Number 1 

Inst rument  Housing Temperature Number 2 

Main E lec t ron i cs  Temperature 

+15 v o l t s  

-15 v o l t s  

+10 v o l t s  

+5 v o l t s  

+18 v o l t s  

-18 v o l t s  

Reference Voltage Number 1 * 
Reference Voltage Number 2* 

Cal i b r a t i  on Gimbal P o s i t i o n  

Azimuth Gimbal Pos i t i on*  

Shut te r  Temperature* 

Solar  Aperture Temperatures, Channels 1-4* 

Detector  Reference Junc t ion  Temperatures, 
Channels 1-5" 

F i  1 t e r  Dome Temperatures* 

* Inc luded as housekeeping te lemet ry  i n  D i g i t a l  A format. 
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are  f o r  i n t e r f a c e  l o g i c  c i r c u i t r y  and w i l l  be used as needed f o r  t he  data 

ou tput  b u f f e r .  The +28 v o l t  pu lse  load bus w i l l  be used f o r  t he  motor d r i ves  

and the  heaters. Photon i s o l a t o r s  o r  o the r  techniques w i l l  be used t o  main ta in  

ground i n t e g r i t y .  As suggested by t h e  name, t h e  +28 v o l t  analog te lemet ry  bus 

i s  used f o r  se lec ted  analog te lemet ry  c i r c u i t s  f o r  func t ions  n o t  monitored by 

t h e  D i g i t a l  A system o r  f unc t i ons  requ i red  f o r  proper  inst rument  performance. 

The +28 v o l t  main powers the  inst rument  conver ters t o  generate the  var ious  

amp1 i f i e r  o r  l o g i c  c i r c u i t r y  vol tages. 

Propor t iona l  c o n t r o l l e r s  a re  envis ioned f o r  t he  blackbodies. Pulse w id th  

modulated c o n t r o l  i s  a  good p o s s i b i l i t y  f o r  power saving. The same type o f  

system w i l l  be implemented f o r  t he  de tec to r  p l a t e  temperature c o n t r o l .  

3.2.5 Thermal Requirements 

Thermal i s o l a t i o n  from t h e  spacecra f t  means t h a t  e l e c t r i c a l  power d i  ss ipa ted  

w i t h i n  the  inst rument  needs t o  be r a d i a t e d  away t o  achieve a  reasonable oper- 

a t i n g  temperature. Since a  wide range of s o l a r  angles and s o l a r  exposure t imes 

a r e  poss ib le ,  t he  inst rument  must be designed t o  operate under these cond i t ions .  

The gimbal bear ing  prov ides the  requ i  r e d  1  ow conduct ion t o  t h e  spacecraf t .  

There are  th ree  areas o f  e l e c t r i c a l  d i s s i p a t i o n  t o  consider;  t he  r o t a t i n g  

sensor assembly, t he  main e l e c t r o n i c s ,  and t h e  s o l a r  constant  radiometer.  The 

sensor assembly has poor conduct ion t o  t h e  r e s t  o f  t he  inst rument  as i t  i s  

i s o l a t e d  by bear ings and the  f l e x  cable prov ides b u t  a  small path. As several 

wa t t s  are expected t o  be needed i n  t h i s  area, r a d i a t i v e  coupl ings w i l l  have t o  

be employed t o  ho ld  the  de tec tors  and analog s igna l  processing e l e c t r o n i c s  t o  a  

reasonable temperature. High e m i s s i v i t y  surfaces w i t h  an area o f  a t  l e a s t  0.5 

square f o o t  a re  needed. However, t h a t  p o r t i o n  o f  t he  c y l i n d e r  exposed when 

r o t a t e d  t o  any c a l i b r a t i o n  p o s i t i o n  should be o f  low emittance. Shut.ters f o r  

t h e  s o l a r  v iewing p o r t s  are p r e f e r a b l e  as nea r l y  t h ree  wat ts  o f  in terani t tank 

heat ing  can be in t roduced t o  the  sensor assembly. 



The f l a t p l a t e  thermopi le  de tec tors  a re  d i f f e r e n t i a l  devices i n d i c a t i n g  the  

temperature d i f f e r e n c e  between equal absorbing areas exposed on one s ide  t o  tlile 

scene and on t h e  o ther  s ide  t o  a  reference.  In te rmed ia te  o r  referenlce j unc t i ons  

a r e  connected t o  the  de tec tor  p l a t e .  I f  the  temperature d i f f e r e n c e  between the  

reference and measurement j u n c t i o n  exceeds several degrees, responisiviky and 

thereby c a l i b r a t i o n  accuracies are  a f fec ted .  To avo id  s i g n i f i c a n t  temperature 

v a r i a t i o n s  i n  t he  de tec to r  p l a t e  (which i s  a l so  the  temperature o f  t he  rc2ference 

scene f o r  t he  back s ide  o f  t he  de tec tor ) ,  heaters are  used t o  c o n t r o l  the  p l a t e  

temperature t o  +0,5OC. Analyses i n d i c a t e  t h a t  l ess  than two wat ts  a re  adequate t o  

accomplish c o n t r o l  over the  f u l l  range o f  o r b i t a l  cond i t ions .  

Approximately 11 wat ts  a re  d i ss ipa ted  i n  t h e  main e l e c t r o n i c s  module. A package 

temperature o f  approximately 27OC can be achieved us ing  a v a i l a b l e  area ( a t  l e a s t  

60 square inches) f o r  r a d i a t i o n  t o  Ear th and space. 

The f i e l d  o f  view apertures can in t roduce s i g n i f i c a n t  e r r o r s  i f  they d i f f e r  w ide ly  

i n  temperature from t h e  detectors.  E i t h e r  a  negat ive o r  p o s i t i v e  heat f low From 

t h e  detectors t o  t h e  aper tures causes a  c a l i b r a t i o n  e r r o r .  I n  the  shortwave 

channels the re  i s  a  s i m i l a r  r e s u l t  caused by coup1 i n g  o f  t he  Suprasi 1 - -W f i l t e r s  t o  

t h e  aper tures and the  scene. The e f f e c t s  due t o  the  scene can be minimized by 

imag ina t ive  processing o f  t he  da ta  by computer (see Sect ion 4). To minl'mize heat 

t r a n s f e r  from the  aper tu re  and baseplate t o  the  de tec tor ,  low emittaince surfaces 

a r e  recommended. Pre l  i m i  nary analyses i n d i c a t e  t h a t  a  27OC temperatur-e d i f f e r e n c e  

between the  de tec tor  and aper tu re  can occur be fore  t h e  4 W/M2 system e r r o r  budget 

i s  exceeded. As the  temperature d i f f e r e n c e  i s  reduced, t he  e r r o r  i s  r a p i d l y  

reduced. A dec i s ion  based on a  more extensive ana lys i s  needs t o  be made t o  

determine whether the  aper tures should be d i r e c t l y  at tached t o  the  housing o r  be 

decoupled and p o s s i b l y  heater  con t ro l l ed .  Analyses made t o  date are  based on t h e  

wors t  case medium f i e l d  o f  view apertures as the  wide f i e l d  o f  view channels have a  

smal l e r  view f a c t o r  and the re fo re  are  l e s s  sens i t i ve .  



3.2.6 Power and Weight Summary 

System power and weight  est imates have been made f o r  t he  non-scanning assembly. 

Power usage can be broken down i n t o  seven major areas; s igna l  c o n d i t i o n i n g  

e l e c t r o n i c s ,  main e l e c t r o n i c s ,  s o l a r  constant  radiometer,  power supply, heaters, 

c a l i b r a t i o n  blackbodies and motors. Operat ion o f  t h e  l a t t e r  two, i . e. , black-  

bodies and motors, has been assumed t o  be on a very  low duty  cyc le.  Motor 

opera t ion  i s  est imated t o  be requ i red  no more than 15 t o  20 minutes per  month 

w h i l e  t he  blackbodies r e q u i r e  warmup, s t a b i l i z a t i o n  and opera t ing  t r u e  o f  about 

s i x  hours pe r  month. The s o l a r  constant  radiometer cou ld  a l so  be operated on a 

low duty  cyc le  bas is  i f  necessary. Our independent est imate o f  t h e  power 

requ i red  f o r  t he  s o l a r  constant  radiometer l i e s  between t h e  power f i g u r e s  

rece ived from Gulton f o r  t he  ESP and JPL f o r  t he  ACR- IV .  A l l  o ther  power 

f i g u r e s  shown i n  Table 3-6 have been independently est imated. 

Table 3-6 

ERBSS NON-SCANNING ASSEMBLY POWER BUDGET 

Signal Cond i t ion ing  E lec t ron i cs  

Main E lec t ron i cs  

So lar  Constant Radiometer 

Power Supply (60% E f f i c i e n c y )  

Heaters 

Cal i b r a t i o n  Blackbodies 

Motors 

Sub-Total 

Unforeseen 

To ta l  

2.0 Watts 

2.8 Watts 

1.3 Watts 

4.0 Watts 

3.0 Watts 

0.1 Watts 

0.0 Watts 

13.2 Watts 

1.8 Watts 

15.0 Watts 

The s igna l  c o n d i t i o n i n g  e l e c t r o n i c s  are  t h e  analog c i r c u i t s  w i t h i n  the  r o t a t i n g  

assembly (see F igure  3-9) f o r  a m p l i f i c a t i o n  and c o n d i t i o n i n g  o f  t he  thermopi le  

s igna l .  The mai n e l e c t r o n i c s  i n c l  ude te lemet ry  , c locks  , analog t o  d i  g i  La1 

conversion and i n t e r f a c e  e lec t ron i cs .  The power supply inc ludes power supply 

losses  and any p re regu la t i on  losses. The de tec to r  heat  s i n k  o r  moun.ting i n t e r -  

face temperature i s  c o n t r o l l e d  by t h e  heaters a t  a constant  temperature. The 

t h r e e  wat ts  f i g u r e  i s  a wors t  case based on a c o l d  o r b i t .  



The weight  budget f o r  t he  non-scanning assembly was est imated i n c l u d i n g  the  

azimuth gimbal and i s  d e t a i l e d  by Table 3-7. Not ice  t h a t  the  solai- corrslant, 

radiometer weight  has been est imated a t  seven pounds as opposed t o  the  th ree  

pounds est imated f o r  t he  ESP and the  3.5 pounds est imated f o r  t he  A C R - I V .  This  

was inc luded t o  assure s u f f i c i e n t  thermal mass and a1 so inc ludes the  e lec t ron i cs .  

Table 3-7 

ERBSS NON-SCANNING ASSEMBLY WEIGHT BUDGET 

Subassembly Pounds 

Mounting Base and Bear ing 

Basepl a t e  

Cover 

Rota t ing  Cy l inder  

Cy l inder  Housing 

Blackbodies 

Motors/Posi t ion Readouts 

So lar  Constant Radiometer 

E lec t ron i cs  

Cables, Connectors, e tc .  

Contingency 

Tota l  

3.3 SCANNING ASSEMBLY 

The important  c h a r a c t e r i s t i c s  o f  t he  scanning assembly are  sumarized by Table 

3-8 and Figures 1-2 and 3-2. Scanning i s  achieved w i t h  a  r o t a t i n g  drum as 

shown. This  a l lows t h e  e n t i r e  scene t o  be chopped w i thou t  contamin~atl'on by 

o p t i c a l  elements and min imiza t ion  o f  p o l a r i z a t i o n  s e n s i t i v i t y .  This  i s  i n  

keeping w i t h  a  general design phi losophy in tended t o  minimize e r r o r  inputs  

which cou ld  a f f e c t  long-term channel c a l i b r a t i o n .  F igure  3-14 i s  a  s i m p l i f i e d  

b l o c k  diagram o f  t he  scanning assemblies channel. The chopped scene energy i s  

conver ted t o  an e l e c t r i c a l  s i gna l  by t h e  de tec tor ,  amp l i f i ed ,  demodulated, 



Table 3-8 

ERBSS SCANNING ASSEMBLY CHARACTERISTICS 

F i e l d  o f  View: 

Channel 6 

Spectra l  Channel 7 

Response Channel 8 

Channel 6 

Channel 7 Detec tor  

Channel 8 

Measurement Frequency: 

Scan L ine  Period: 

So la r  C a l i b r a t i o n  
Channels 6 and 8: 

O r b i t a l  A1 ti tude: 

Data Rate: 
(Maximum Required) 

Commands : 

Weight: 

Power: 

3OC C i r c u l a r  i n  Channels 6, 7, and 8 

0.2 t o  5 pm 

LiTa O3 Pyroel e c t r i  c 

L iTa O3 P y r o e l e c t r i c  

PbS Photoconductor 

0.053 Second (A1 1 Channels) 

6.4 Seconds (TIROS) 

Monthly; Every 53 M i l l i seconds  f o r  
90 Seconds o r  More 

600 KM (AEM), 833 KM (TIROS) 

750 B i t s  Per Second 

20 KG (44 Pounds) 

30 Watts ( O r b i t a l  Average) 



COMPENSATION 

Figure 3-14 Elements of t h e  Signal Processing Electronics 



f i l t e r e d ,  and held by the electronics.  Since the system only responds t o  

chopped radiation, unchopped background such as the opt ics ,  e t c . ,  are n o t  a 

par t  of the signal. Therefore, variances in the temperatures of tlhe opt ics ,  

housings, stops,  e t c . ,  which are unchopped do n o t  a f fec t  the detector response 

and need n o t  be included in the error  analyses. 

3.3.1 Optical Design Requirements 

The very simple optical system recommended for  the scanner i s  shown in Figure 

3-75 and i s  ident ical ,  except for  the f i l t e r ,  on a l l  channels. A collecting 

diameter of 1 cm has been baselined and i s  s e t  by Mirror M-2. The f i e ld  stop 

se t s  the f i e ld  of view to  three degrees. To eliminate difference in signal due 

t o  radiance variations within the f i e ld  of view and to  detector nonuniform- 

i t i e s ,  relay Mirror M-1 i s  used to  form an image of the objective mirror on the 

detector. I t  i s  sized so tha t  the image of the objective will f a l l  within the 

detector sensit ive area. To reduce polarization sens i t iv i ty  of the optical 

configuration t o  a polarized scene, the relay Mirror M-1 i s  mounted orthogonally 

with respect t o  the objective Mirror M-2 in such a manner tha t  the polarization 

components a t  M-l are reversed a t  M-2; effectively cancelling i f  the mirrors 

have identical coatings. The configuration also allows for  equal average 

angles of incidence a t  the two mirrors further reducing polarization sens i t iv i ty ,  

The chopper i s  a low-emittance specular surface on the optics side. I t  r e f l ec t s  

the reference blackbody to  the optics during closure and i s  referred Lo as M-3. 

Due t o  i t s  low emittance, temperature variances are not highly significant 

as error  sources. The reference blackbody i s  controlled very accurately a t  a 

radiance 'level which allows a single polarity signal. That i s ,  in Channel 7 ,  

for  example, the radiance of the reference blackbody i s  greater than the scene 

radiance. In Channels 6 and 8, the reference will be a black level. 

The f i l t e r  for  Channel 6 i s  the same material used for  the shortwave channels 

in the non-scanning assembly. The bandpass i s  s e t  spectrally (0 .2  to  5 pm) by 

the absorption of the material. The recommended substrate for the Channel 7 

f i l t e r  i s  Type I1 diamond. The shortwave cut-on can be s e t  by an interference 





o r  an absorpt ion coa t i ng  w h i l e  t h e  longwave c u t o f f  i s  a  f u n c t i o n  o f  t he  de tec tor  

coat ing.  A narrow bandpass i n te r fe rence  f i l t e r  w i t h  a  quar tz  o r  g lass substrate 

i s  recommended f o r  Channel 8. 

To reduce the  number o f  o p t i c a l  components and increase s e n s i t i v i t y ,  the  f i l t e r  

can be used as the  de tec to r  window. Aluminum enhanced f o r  u l t r a v i o l e t  r e f l e c -  

tance i s  recommended f o r  t he  Channel 6 m i r ro rs .  It i s  q u i t e  possiblle t h a t  the  

same coa t i ng  can be used f o r  Channels 7 and 8 a lso ,  b u t t h e r e  i s  l i t t l e  informa- 

t i o n  a v a i l a b l e  a t  t h i s  t ime on the  i n f r a r e d  re f l ec tance  o f  t he  u l t r a v i o l e t  

enhanced aluminum. Due t o  t h i s  unce r ta in t y ,  we recommend the  use o f  go ld  as 

t h e  m i r r o r  coa t i ng  i n  Channels 7 and 8. 

3.3.2 Scanning Channel Detectors 

Noise equ iva len t  radiances (NEN's) o f  1.1 x  I O - ~ W . C ~ - ~ S R - ~  and 1.3 x  1 1 0 - ~  

W * C ~ - ~ S R - ~  a re  requ i red  f o r  Channels 6 and 7 respec t i ve l y .  A s i gna l  t o  noise 

r a t i o  o f  300 i s  requ i red  i n  Channel 8 f o r  a  c loud re f l ec tance  o f  0.1, a  so la r  

z e n i t h  angle o f  4 5 O ,  and a  spec t ra l  bandwidth o f  0.1 pm. As shown by the  

analyses o f  Sect ion 4, the  NEN requirements o f  Channels 6 and 7 can be met w i t h  

T r i g l y c i n e  Sulphate (TGS) o r  L i t h ium Tanta l  a te  (LiTa 03) p y r o e l e c t r i c  detectors.  

Because of i t s  r e l a t i v e l y  low Cur ie p o i n t  temperature o f  approximately 45'6,) 

problems have been encountered w i t h  depo l ing  o f  TGS. The LiTa Q3 detec tor  has 

a  Cur ie  temperature i n  excess o f  100°C and no depol ing problems. Based on t h i s  

and i t s  a v a i l a b i l i t y  from several  Un i ted  States and Un i ted  Kingdorn supp l ie rs ,  

L iTa O3 has been t e n t a t i v e l y  se lec ted  f o r  Channels 6 and 7. 

The analyses o f  Sect ion 4 i n d i c a t e s  the  f u t i l i t y  o f  us ing  p y r o e l e c t r i c  de tec tors  

f o r  Channel 8. Various de tec tors  have been considered on the  bas is  o f  t h e i r  

room temperature performance i n c l u d i n g  Lead Sel enide (PbSe) , Lead Sul p h i  de 

(PbS), and Mercury Cadmium T e l l u r i d e  (HG Cd Te). O f  these, PbS has the  bes t  

s e n s i t i v i t y  and has been t e n t a t i v e l y  se lec ted  f o r  use i n  Channel 8. F o r  a  

three-degree f i e l d  o f  view and 1 cm diameter c o l l e c t i n g  o p t i c ,  t he  de tec tor  

s i z e  i s  approximately 0.18 cm diameter f o r  a1 1  scanning channels. 



As stated in the previous section, the cutoff wavelength of Channel 7 is set by 

the detector response. Contrary to popular belief, the responses of pyroelectric 

detectors are not flat out to several hundred micrometers, but are a function of 

the black coatings used in the detector. Typical of these is the response of a 

detector used on the Large Infrared Radiometer for the Venus Pioneer probe shown 

in Figure 3-16. The response is not flat and is probably less than 50 percent at 

50 micrometers. Whi 1 e thicker, more absorbent coatings are possible, these 1 ead 
to excessive thermal resistance and slower time constants. The nonflatness of 

the response in Channel 7 leads to greater dependence on accurate radiance 

response calibration of the channel. Accurate measurements of the spectral 

response are a1 so imperative. Wedge detectors, i . e. , two detectors forming a 
V-shaped collector have been used with more specular black coatings. A typical 

response is shown in Figure 3-17. This improved response is gained at the 

expense of reduced sensitivity produced by the more than doubling ofthe detector 

area. It is recommended that the detector response requirements be considered 

further and that the detector configuration be held open until such time as the 

requirements can be firmly stated. 

Another problem with the pyroelectric detectors is their microphonically induced 

noise. The mechanical mounting of the detector in its package and the electrical 

configuration contribute to the detectors sensitivity to microphonic noise. 

Structural resonances will have to be kept we1 1 above the chopping frequency 

(55 Hz) and detector mounting techniques optimized for this application. 

Signal Processing Electronics 

As illustrated by Figure 3-18, the detector output is ampl ified by a field effect 

transistor (FET) preamp1 if ier, ampl if ied and f i 1 tered by a post-amp1 if ier, 

synchronously demodulated, f i 1 tered by an integrator , and converted to digital 
form. The FET preamplifier is located in the detector capsule for the 

pyroelectric detectors to minimize microphonics and provide low-noise 

ampl ification. A FET preamplifier is used with the PbS detector for low noise 
but also for its high impedance characteristics. 





LARGE AREA WEDGE DETECTOR COATED WITH 
TESTOR'S BLACK. 

Figure 3-17 Wedge Detector Response 
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F i g u r e  3-1 0 ERBSS Scanner Electronic Block Diagram 



The FET noise has an important  c o n t r i b u t i o n  t o  t h e  detector /preampTi f ier  noise 

as shown i n  F igure  3-19. Being e s s e n t i a l l y  a  capac i to r ,  t h e  de tec tor  s igna l  

and noise decrease as a  func t i on  of frequency; the  noise dropping-of f  beginning 

a t  the  e l e c t r i c a l  t ime constant  (TE) and the  s igna l  a t  the  thermal t ime constant  

(TTH). The s igna l  t o  noise i s  optimum over t he  range o f  frequencies from t h e  

thermal t ime constant  t o  t he  p o i n t  where the  de tec tor  and FET noise are 

equal. The lower the  FET noise the  l a r g e r  t he  range becomes. The 55 Hz chop- 

p i n g  frequency i s  cons i s ten t  w i t h  the  present  s t a t e  o f  technology f o r  the  

a v a i l a b l e  de tec tors  and FET's. The p r e a m p l i f i e r  c o n t r i b u t i o n  t o  the  t o t a l  

system noise should n o t  be s i g n i f i c a n t  i n  Channel 8. 

Because o f  the  thermal l a g  o r  t ime constant  i n  p y r o e l e c t r i c  de tec tors ,  a  s igna l  

from a  scene may be contaminated by the  heat ing  due t o  a  prev ious scene. This  

i s  c a l l e d  the  "memory" e f f e c t  i n  p y r o e l e c t r i c s  and o ther  thermal detectors.  

The so-ca l led  memory e f f e c t  can be compensated e l e c t r i c a l l y  by s e l e c t i o n  of the  

proper  e l e c t r i c a l  po les  and zeros i n  t he  pos t -amp l i f i e r ,  a  technique demon- 

s t r a t e d  du r ing  prev ious programs. The p o s t - a m p l i f i e r  a l so  prov ides a m p l i f i -  

c a t i o n  and se ts  the  predemodul a t i  on upper c u t o f f  frequency. The synchronous 

demodulator i s  c o n t r o l l e d  by a  s igna l  der ived from the  chopper keeping the  

e f f e c t s  o f  small r o t a t i o n a l  v e l o c i t y  changes t o  a  minimum. As w i t h  t h e  de- 

modulator used on the  chopper s t a b i l i z e d  a m p l i f i e r s  f o r  t he  nor]-scanning 

channels, the  crossover p o i n t s  a re  suppressed t o  e l i m i n a t e  swi tch ing  spikes and 

maximize response 1  i near i  t y .  

The gated i n t e g r a t o r  i s  a l so  c o n t r o l l e d  by the  chopper so t h a t  t h ree  chopping 

per iods  are  in tegra ted .  This  se ts  the  i n t e g r a t i o n  p e r i o d  t o  appro>timatel y 53 

mi l l i seconds.  A very small p o r t i o n  o f  t h i s  t ime i s  used t o  sample aml  ho ld  the  

i n t e g r a t i o n  ou tput  and then do discharge the  i n t e g r a t o r .  No e r r o r  i!; associated 

w i t h  t h i s  opera t ion  as i t  i s  performed du r ing  a  suppressed crossover p o i n t  on 

t h e  demodulated waveform. The sampled s igna l  i s  then mu l t i p lexed  t o  the  analog 

t o  d i g i t a l  conver te r  f o r  quan t i z i ng  (see F igure  3-14). Data ra tes  and data 

i n t e r f a c e s  a re  discussed i n  Sect ion 3.3.7. 
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Figure 3-1 9 Pyroelectric Detector/Preampl i f i e r  Signal and Noise 



Chopper Dr i ve  

The d r i v e  system f o r  the  th ree  bladed chopper i n  the  scanner has t o  be designed 

w i t h  the  f o l  1  owi ng requ i  rements i n  mind: 

a. The chopping frequency has t o  be i n  t he  range f o r  optimum detec tor /  

preampl i f i e r  s i gna l  t o  noise r a t i o .  

b. The p e r i o d  f o r  t h e  gated i n t e g r a t o r  w i l l  be th ree  chopping per iods so  

t h a t  any v a r i a t i o n  t o  response due t o  d i f f e rences  between t h e  chopper 

t e e t h  i s  averaged out.  

c. The i n t e g r a t i o n  p e r i o d  i s  synchronized t o  the  spacecraf t  c l ock  and the  

scan p e r i o d  i s  synchronized t o  the  major frame p e r i o d  o f  32 seconds. 

Therefore, the  chopper speed has t o  be synchronized t o  the  spacecraft  

c lock.  

d. Va r ia t i ons  i n  t he  chopper speed must be l ess  than one p a r t  i n  1,500 Lo 

avo id  demodul a t i  on noise con t r i bu t i ons .  

e. The designs f o r  TIROS and AEM s h a l l  be as i d e n t i c a l  as possikble. 

f. The chopper momentum must be compensated t o  0.02-in- lb-sec. 

It has been determined t h a t  a  6.4 second scan p e r i o d  prov ides nea r l y  p e r f e c t  

s u b s a t e l l i t e  c o n t i g u i t y  t o  adjacent  l i n e s  a t  t he  E a r t h ' s  surface. This  a l lows 

f i v e  scans per  major frame. A three-degree f i e l d  o f  view then requ i res  53 1/3 

mi l l i seconds  ou t  of the  6.4 second p e r i o d  and a sampling frequency o f  18.75 Hz. 

T h i s  sets the  chopping frequency ( th ree  chops per  sample) t o  56.25 Hz and the  

r o t a t i o n a l  speed o f  t he  chopper d r i v e  t o  1,125 rpm. Based on recent  de tec tor  and 

preampl i f i e r  i n fo rma t ion  (see Sect ion 3.2. Z ) ,  t he  56 Hz chopping frequency i s  i n  

t h e  r i g h t  range f o r  optimum s igna l  t o  noise. Therefore, t he  c r i t e r i a  o f  a, b ,  and 

c  (above) can be met. To implement t he  requirements o f  c  and d, a  d i r e c t  d r i v e  

w i t h  a  phase 1 ock 1  oop c o n t r o l  i s  recommended. An encoder/tachometer generat ing 

a  v e l o c i t y  c lock  i s  compared t o  a  reference c l o c k  generated by the  spacecraft  i n  

t h e  phase l o c k  loop c o n t r o l  loop. The e r r o r  s igna l  thus der ived i s  used t o  

c o n t r o l  t he  chopper speed so t h a t  t he  encoder frequency and the  reference 

frequency are  e x a c t l y  t h e  same. 



This  system lends i t s e l f  t o  synchronizat ion w i t h  the  spacecra f t  c l ock  and phasing 

t o  the  TIP major frame. Since a counter i s  used t o  de r i ve  the  reference c lock  

from the  spacecraf t  c lock ,  a d i f f e r e n t  d i v i s i o n  f a c t o r  can be r e a d i l y  accomodated 

i f  the  AEM and the  TIROS c locks  are  no t  i d e n t i c i l .  

I n i  ti a1 c a l  c u l  a t i  ons based on a conceptual d r i v e  system i n c l  ud i  ng the  chopper, 

s h a f t ,  motor, and encoder show a p o t e n t i a l  momentum o f  0.13 in - lb -sec  and the  

necess i ty  f o r  momentum compensation o f  t h e  chopper. To meet t h e  uncompensated 

momentum requirement then, compensation t o  115 percent  o f  t he  chopper d r i v e  

momentum i s  requ i red ;  a f a i r l y  easy requirement t o  meet. 

3.3.5 Scan Drum Dr ive  

Some o f  t he  scan drum d r i v e  requirements a re  t i e d  i n  w i t h  t h e  chopper and 

sampling requirements. However, t he  drum d r i v e  has several unique requirements 

i n c l  uded i n the  f o l l  owing o v e r a l l  requirements 1 i s t :  

a. The scan d r i v e  s h a l l  be synchronized w i t h  the  major frame and the  

spacecra f t  c lock .  I t  i s  p r e f e r a b l e  t h a t  t he  s t a r t  o f  a l i n e  o f  scan 

data  i s  co inc iden t  w i t h  the  beginning o f  the  major frame. 

b. There i s  no f i r m  requ i  rement on scan v e l o c i t y  c o n t r o l  so a 0 .1  f i e l d  o f  

view (0.3') requirement has been a r b i t r a r i l y  imposed. 

c. The designs f o r  TIROS and AEM s h a l l  be as i d e n t i c a l  as poss ib le .  

d. There s h a l l  be p e r i o d i c  c a l i b r a t i o n  o f  Channels 6 and 8 by the  s o l a r  

d i f f u s e r  and Channel 7 by the  i n t e r n a l  blackbody. 

e. The scan d r i v e  momentum must be compensated t o  0.02 in - lb -sec .  

f. There i s  no f i r m  requirement on c o n t i g u i t y  o f  adjacent  scan l ines  a t  

nad i r .  

The r e a l  problem w i t h  the  scan drum concept i s  making e l e c t r i c a l  connect ions, 

i. e. , power, grounds, c locks,  data, e tc .  , going i n t o  and ou t  o f  t he  drum. There 

a re  two choices; t h e  f i r s t  being complete drum r o t a t i o n  w i t h  s l i p r i n g  i n t e r f a c e  

and the  second, p a r t i a l  drum r o t a t i o n  w i t h  a f l e x  cable i n t e r f a c e .  There are 

advantages and disadvantages t o  bo th  and, we have found, proponents and opponents 



f o r  both. The completely r o t a t i n g  drum has the  advantages o f  a  simple e l e c t r i c a l  

d r i v e  system and automatic c a l i b r a t i o n  i f  the re  i s  sun every scan. The major 

disadvantages i n  t he  s l i p r i n g  i n t e r f a c e  w i t h  i t s  p o t e n t i a l  noise and wear are 

f a i  1 ure problems. The s l  i p r i n g  contac ts  a l so  add t o  t h e  t o t a l  torque load o f  t h e  

d r i v e  system. 

The p a r t i a l l y  r o t a t i n g  system would probably have a  c o n t r o l l e d  v e l o c i t y  scan from 

hor izon t o  space and a  f a s t e r  b u t  uncon t ro l l ed  reversa l  back t o  th~e s t a r t i n g  

p o s i t i o n .  It would have t o  r o t a t e  on command t o  c a l i b r a t i o n  p o s i t i o n s  cons i s ten t  

w i t h  one, two, o r  a l l  o f  t he  channels. The advantage, o f  course, i s  the  

e l i m i n a t i o n  o f  t h e  s l i p r i n g s  and use o f  a  f l e x  cable w i t h  poss ib l y  b e t t e r  

r e 1  i a b i  1 i t y .  However, take-up r e e l s  f o r  f 1 ex cab1 es r e q u i r e  space and weight 

a l l o c a t i o n s .  The d r i v e  system would be e l e c t r i c a l l y  f a r  more complex w i t h  i t s  

b i - d i r e c t i o n a l  c o n t r o l  requirements. Assuming a  6 .4  second per iod ,  cont inuous 

use, and two-year l i f e ,  t he  s l i p r i n g  w i l l  undergo nea r l y  t e n  mi l l ion1 r o t a t i o n s  

and the  f l e x  cable an equal number o f  f l exes .  L i f e  t e s t  data are  a v a i l a b l e  

showing the  a b i l i t y  o f  t he  s l i p r i n g s  t o  su rv i ve  as many as 36 m i l l i o n  r o t a t i o n s .  

L i f e  t e s t i n g  has a l so  been performed on f l e x  cable assemblies w i t h  34 mil l  i o n  and 

39 m i l l i o n  cyc les  o r  f l exes  accumulated w i thou t  a  f a i l u r e .  I t  i s  recommended 

t h a t  l i f e  t e s t i n g  o f  t he  d r i v e  system se lec ted  commence e a r l y  i n  a: hardware 

program. 

Perhaps i t  would be usefu l  t o  s t a t e  c l e a r l y  the  reasons a  scan m i r r o r  system has 

n o t  been recommended. The bas ic  problem w i t h  a  scan m i r r o r  i s  t h a t  radiance 

emanating from i t  i s  chopped and becomes a  p a r t  o f  t he  s igna l .  Therefore, 

sur face o r  contaminat ion-induced s c a t t e r  prov ides a  scene-dependent e r r o r  source 

which cannot u s u a l l y  be c a l i b r a t e d  out.  Because the  m i r r o r  has a  f i n i t e  

emi t t ance  and absorptance, radiance e r r o r s  dependent on emi t t ance  (which can 

change due t o  contaminat ion) and the  temperature o f  t he  m i r r o r  can be induced. A 

t h i r d  problem w i t h  a  45O scan m i r r o r  i s  t h a t  i t  provides a  sur face s e n s i t i v e  t a  

t h e  s t a t e  o f  p o l a r i z a t i o n  o f  t he  scene (see Sect ion 4). 

Because o f  t he  d i f f e r e n c e  i n  a l t i t u d e s  between TIROS and AEM, t he  gra~und f o o t -  

p r i n t  o r  image o f  t he  f i e l d  o f  view f o r  i d e n t i c a l  systems w i l l  n o t  be i d e n t i c a l .  



It i s ,  i n  f a c t ,  p ropor t i ona l  t o  the  a l t i t u d e ,  being 43.6 k i lometers f o r  t h e  TIROS 

and 31.4 k i lometers f o r  t he  AEM. The s u b s a t e l l i t e  v e l o c i t i e s  f o r  t h e  two 

spacecra f t  are near l y  equal, causing a  movement a long t h e  ground t r a c k  i n  a  6.4 

second pe r iod  o f  42.1 k i lometers f o r  TIROS and 44.2 k i lometers  f o r  AEM. Th is  

shows t h a t  t he re  i s  a  s l i g h t  over lap i n  t h e  s u b s a t e l l i t e  f o o t p r i n t s  f o r  adjacent 

l i n e  f o r  TIROS and a  l a rge  over lap f o r  AEM. Con t igu i t y  i s  achieved a t  a  scan 

angle o f  approximately f o u r  degrees f o r  AEM w i t h  t h i s  scan r a t e  and f i e l d  o f  

view. A f a s t e r  scan ra te ,  i . e. , a p e r i o d  o f  4.6 seconds, would prov ide  con- 

t i n g u i t y  a t  nad i r  b u t  would r e q u i r e  a  f a s t e r  sampling r a t e  and h igher  chopping 

frequency. The l a t t e r  would no t  be compatible w i t h  t h e  detec tor  and preamp1 i f i e r  

optimum s igna l  t o  noise. Another p o s s i b i l i t y  would be t o  modify t h e  o p t i c a l  

system f o r  AEM, making f i e l d  o f  view approximately f o u r  degrees b u t  keeping the  

sampling r a t e  unchanged. But  a  f a s t e r  scan r a t e  and t h e  l a r g e r  f i e l d  o f  view 

v i o l a t e  the  design i d e n t i c a l  requirement. It i s  our recommendation t h a t  we l i v e  

w i t h  n a d i r  underlap from t h e  AEM o r b i t ,  keeping the  instruments f o r  both 

spacecra f t  i d e n t i c a l .  

In -F l  i g h t  Cal i b r a t i o n  

Channels 1 through 4  are  referenced t o  t h e  s o l a r  constant  radiometer du r ing  s o l a r  

c a l i b r a t i o n  f o r  t r a c e a b i l i t y  t o  an absolute standard. To t h a t  end, we have 

looked a t  s o l a r  c a l i b r a t i o n  o f  t h e  scanning channel by 1) d i r e c t  s o l a r  v iewing 

and 2) v i a  d i f f u s e r s .  It i s  f e l t  t h a t  r e f l e c t i v e  d i f f u s e r s  are p o t e n t i a l l y  t he  

b e s t  answer f o r  c a l i b r a t i n g  Channels 6  and 8 i f  t r u e  d i f f u s e r s ,  i . e . ,  w i t h  

specular  re f l ec tance  components, can be made. Th is  b e t t e r  simulates the  Earth 

scene and provides s igna l  l e v e l s  w i t h i n  t h e  dynamic ranges o f  those channels. A 

blackbody t a r g e t  i s  t he  best  choice f o r  Channel 7, t h e  longwave channel. 

A  d i r e c t  s o l a r  view saturates Channels 6  and 8 and does n o t  f i l l  the  f i e l d s  o f  

view f o r  those channels causing incomplete detec tor  i l l u m i n a t i o n .  Un i fo rm i t y  of 

response o f  t h e  detec tors  i s  probably n o t  b e t t e r  than f i v e  percent  over the  f u l l  

de tec to r  area leav ing  a  s i g n i f i c a n t  unce r ta in t y  r e l a t e d  t o  which p o r t i o n  o f  t h e  

de tec to r  i s  i 11 umi nated. 



For a  d i f f u s e  r e f l e c t o r ,  t he  radiance a t  t he  o p t i c a l  system i s :  

where H i s  the  incoming s o l a r  i r rad iance ,  R i s  t he  d i f f u s e  re f l ec tance  o f  the  
S 

d i f f u s i n g  sur face,  and 0 i s  the  angle o f  inc idence o f  t he  incoming s o l a r  i r r a d i -  

ance w i t h  respect  t o  t he  normal t o  t he  surface. The c r i t i c a l  parameters are  the  

measurement o f  t he  s o l a r  i r r a d i a n c e  by Channel 5, t he  re f l ec tance  o f  t he  sur face 

and the  accurate knowledge o f  t he  inc idence angle. For an inc idence angle o f  

45O, and an a luminized d i f f u s e r  ( R  0 . 9 ) ,  the  radiance a t  t he  telescope is 

approximately 280 W/M2SR w i t h  a s o l a r  spec t ra l  d i s t r i b u t i o n .  

A s i m i l a r  system was used f o r  t he  ERB miss ion w i t h  marginal success. The d i f -  

f u s e r  concept used was borrowed from a  Backscat ter  U l t r a v i o l e t  experiment us ing  

an aluminum subst ra te  w i t h  a luminized overcoat.  A r es idua l  specular component, 

t h e  i n a b i l i t y  t o  make two d i f f u s e r s  a l i k e ,  and nonuniform surfaces caused 

problems. Nevertheless, very constant  responses t o  these c a l i b r a t i o n  ta rge ts  

were obta ined w i t h  t h e  ERB inst rument  f o r  Nimbus-6. Since these d i f f u s e r s  were 

i 11 uminated by  the  sun a t  the  dawn te rminator ,  t he  s o l a r  inc idence angle was 

nea r l y  a constant  and no inc idence angle re f l ec tance  s e n s i t i v i t y  was apparent. 

For  the  ERBSS mission, t he re  i s  a  p o t e n t i a l l y  wide var iance i n  t h e  s o l a r  i n c i -  

dence angle which can cause a  v a r i a b i l i t y  i n  t he  specular component. The use o f  

s c a t t e r  p l a t e  technology, as used i n  s c a t t e r  p l a t e  i n te r fe romet ry ,  i s  suggested 

f o r  t h i s  a p p l i c a t i o n  t o  minimize the  specular  component o f  re f l ec tance  over the  

wavelengths o f  i n t e r e s t .  A t e s t  program t o  demonstrate the  v i a b i l i t y  o f  the  

var ious  p o s s i b i l i t i e s  f o r  t he  c a l i b r a t i o n  t a r g e t  f o r  Channels 6  and 8 is 

recommended. Lambertian r e f  1 ectance, a  known i ncidence angl e  and c o a t i  ng o r  

r e f l e c t a n c e  s t a b i l i t y  a re  the  keys t o  a  successful  c a l i b r a t i o n  which can be 

referenced t o  Channel 5. To remove t h e  angular and coa t i ng  uncertaint, ies, i t  may 

be advisable t o  have a  c a v i t y  radiometer mounted i n  a  way t o  measure t h e  

r e f l e c t e d  energy a t  t he  same t ime the  scan drum i s  r o t a t e d  t o  t h e  calibration 

p o s i t i o n .  This,  o f  course, w i l l  add t o  the  weight,  power and volume requirements 

and i s  no t  p resen t l y  inc luded i n  those budgets. 



Since the  s o l a r  d i f f u s e r  w i l l  p rov ide  l i t t l e  r e f l e c t e d  energy beyond f i v e  

micrometers, a  smal l ,  narrow f i e l d  blackbody t a r g e t  i s  i n d i c a t e d  f o r  c a l i b r a t i o n  

o f  Channel 7. The emittance o f  t h i s  t a r g e t  should be known and constant  and t h e  

temperature readout accuracy should be on the  order  o f  t0.05OC t o  keep the  

u n c e r t a i n t y  a t  t he  NEN l e v e l .  The blackbody t a r g e t  i s  operated a t  a  c o n t r o l l e d  

l e v e l ,  above the  ambient, on command, o r  can be a l lowed t o  d r i f t  w i t h  the  

inst rument  w i t h  c o n t r o l  power o f f .  I n  a  study performed by Eppley Labs f o r  

Barnes Engineering Company on t h e  VTPR program, b l  ackbody t a r g e t s  u s i  ng hexagonal 

honeycomb c a v i t y  were analyzed. Emittance v a r i a t i o n s  o f  0.01 percent  over t a r g e t  

temperatures from 290K t o  310K were c a l c u l a t e d  f o r  a  4 : l  depth t o  diameter ra t i io  

o f  the  honeycomb and a  w a l l  emit tance o f  0.95. The honeycomb a r ray  should be 

l a r g e  enough t o  o v e r f i l l  t he  3' Channel 7  f i e l d  of view b u t  should a l so  be b a f f l e d  

t o  avo id  coup1 i ng w i t h  emissive elements w i t h i n  i t s  acceptance f i e l d .  

3.3.7 Svstem E lec t ron i cs  

The requirements f o r  t he  s igna l  processing, scan d r i v e ,  and chopper d r i v e  

e l e c t r o n i c s  have been discussed p rev ious l y .  This  sec t i on  i s  devoted t o  the  data 

i n t e r f a c e ,  commands, and te lemet ry  requirements f o r  t he  ERBSS scanner. The 

system e l e c t r o n i c s  b lock  diagram was shown p r e v i o u s l y  as F igure  3-18 and 

re ference w i  11 be made t o  it. 

3.3.7.1 Data I n t e r f a c e  

The ERBSS scanner generates th ree ,  1 2 - b i t  data words every 53 1/3 m i l l i seconds  

f o r  a  maximum data  r a t e  o f  675 b i t s  pe r  second. Several o f  the  c r i t i c a l  te lemet ry  

p o i n t s  a re  a l s o  converted du r ing  backscan dead t ime b u t  do n o t  a f f e c t  t he  o v e r a l l  

da ta  ra te .  Also, several l e v e l s  o f  an e l e c t r o n i c  s ta i r case  l e v e l  i n s e r t e d  i n  the 

data  stream du r ing  the  backscan are  a l so  converted i n  scanner dead time. 

E i t h e r  n ine o r  ten,  e i g h t - b i t  t ime s l o t s  every 0.1 second have been a l l o t e d  t o  

ERBSS. For a  scan p e r i o d  o f  6.4 seconds t h i s  means t h a t 4 , 6 0 8  b i t s  (576, e igh t -  



b i t  words), o r  5,120 b i t s  (640, e i g h t - b i t  words) can be accomodated. The 

scanning assembly can generate 360, 1 2 - b i t  words, o r  4,320 b i t s  every  scan. 

As t h e  scanner conver ts  t h ree ,  1 2 - b i t  words (36 b i t s )  every  53 1/3 m i l l i s e c o n d s ,  

i t  i s  n o t  i n  synchronism w i t h  t h e  TIP which s h i f t s  72 o r  80 b i t s  i n t o  time s l o t s  

eve ry  0.1 second. I f  t e n  t ime  s l o t s  a r e  a l l o c a t e d  t o  t h e  ERBSS scanner, da ta  can 

be s h i f t e d  i n t o  t h e  TIP i n  r e a l  t ime,  a1 though a1 1 t e n  t ime  s l o t s  w i  11 n o t  be used 

eve ry  minor  frame. P r o v i s i o n  i n  t h e  i ns t rumen t  f o r  144 b i t s  o f  b u f f e r e d  s to rage  

a long  w i t h  i n s e r t i o n  o f  zeros every  3.2 seconds would a l l o w  t h e  use o f  o n l y  n i ne  

t i m e  s l o t s .  The da ta  would be f o rma t ted  as f o l l o w s :  

24 b i t s :  

120 b i t s :  

2,160 b i t s :  

144 b i t s :  

864 b i t s :  

648 b i t s :  

576 b i t s :  

72 b i t s :  

4,608 b i t s  

3 .3 .7 .2  Commands 

Sync code 

Zeros 

E a r t h  and space da ta  

Zeros 

E l e c t r o n i c  c a l  i b r a t i  on 

C r i t i c a l  housekeeping t e l e m e t r y  

I n - f l i g h t  c a l i b r a t i o n  da ta  

Zeros 

A  p r e l i m i n a r y  1 i s t  o f  command requi rements i s  p rov ided  i n  Table 3-9. 



Table 3-9 

ERBSS COMMAND REQUIREMENTS 

Funct ion Number o f  Commands 

Power ON/OFF 2 

Scan Motor ON/OFF 2 

Chopper Motor ON/OFF 2 

Scan t o  Nadir  1  

Scan t o  Stow 1 

Scan t o  C a l i b r a t i o n  1 

Gimbal Forward . 1 

Gimbal Reverse 1 

Gimbal Stop 1 

Blackbody ON/OFF 2 

Ca1 i b r a t i o n  Shut te r  Open/Cl ose 2 

Spares - 3 

Tota l  19 

A t o t a l  o f  19 d i s c r e t e  commands can now be i d e n t i f i e d .  The power ON/OFF command 

switches on the  28 v o l t  bus t o  the  inst rument  p r o v i d i n g  power t o  a l l  elements. 

The scan motor and chopper motor ON/OFF commands are  in te rmed ia te  commands f o r  

independently t u r n i n g  on and o f f  t h e  scan and chopper d r i ves .  

The scan t o  nad i r ,  scan t o  stow, and scan t o  c a l i b r a t i o n  commands t e l l  the  scan 

d r i v e  t o  go t o  those p o s i t i o n s  and stop. The n a d i r  command i s  used i f  t h e  

te lemet ry  shows a  f a i l u r e  about t o  occur i n  t h e  scan d r i v e  and a l lows data t o  

be taken i n  t he  n a d i r  p o s i t i o n  only .  The stow command i s  intended t o  use 

d u r i n g  1 aunch, p a r t i c u l a r l y  t o  t he  h igh  contaminat ion AEM s h u t t l e  launch. The 

scan t o  c a l i b r a t i o n  i s  an a l t e r n a t i v e  a l l ow ing  t h e  scanner t o  s top a t  t he  

c a l i b r a t i o n  p o s i t i o n  ra ther  than scanning across the  t a r g e t  and may n o t  be 

used. 

The gimbal i s  operated i n  t he  same way as t h e  non-scanning assembly gimbal. 

Timed commands a long w i t h  preknowledge o t  t he  gimbal p o s i t i o n  w i l l  a l l ow  ro-  

t a t i o n  t o  the  des i red  p o s i t i o n .  A t  t h e  present  t ime the re  i s  no d e f i n i t e  p l a n  



t o  c o n t r o l  t he  backbody t a r g e t .  I f  t h i s  proves t o  be des i rab le ,  t he  blackbody 

ON/OFF command provides t h a t  c a p a b i l i t y .  The c a l i b r a t i o n  s h u t t e r  i s  opened by 

command t o  a l l o w  s o l a r  energy i n t o  t h e  d i f f u s e r  c a v i t y .  The c losed command pu t s  

t h e  s h u t t e r  i n t o  the  normal opera t ing  p o s i t i o n  when s o l a r  c a l i b r a t i o n s  are n o t  

b e i  ng made. 

3.3.7.3 Scanner Telemetry 

Twenty-one analog te lemet ry  p o i n t s  have been t e n t a t i v e l y  i d e n t i f i e d  as shown by 

Table 3-10. O f  these, 16 t o  18 w i l l  be inc luded as D i g i t a l  A po in t s .  It i s  

poss ib le  t h a t  t h e r e  w i  l l be two o ther  vo l tages t o  be monitored. 

3.3.8 Thermal Requirements 

A p r e l  i m i  nary thermal ana lys i  s has been made of t h e  ERBSS scanning assembly. The 

scan drum and t h e  remainder o f  t he  inst rument  have been t r e a t e d  as near ly 

i s o l a t e d  bodies, each r a d i a t i n g  t o  Earth, space, and the  spacecraf t .  The design 

i s  intended t o  keep temperatures t o  2 5 O C  o r  less .  I f  the  spacecraf t  f i n i s h  i n  the  

immediate area o f  the  assembly has a low emmitance, i. e. , approximately 0.05, the  

r a d i a t i n g  e f f i c i e n c y  i s  g r e a t l y  improved. The f o l l o w i n g  f i n i s h e s  are  

recommended: 

Scan Drum: I n t e r i o r  Surfaces, Black 

E x t e r i o r  Surface by Motor, B lack 

Other E x t e r i o r  Surfaces, Second Surface 

S i  1 vered Tef  1 on 

Inst rument  Housing: Ear th  Facing Surface, Gold 

Drum In ter face ,  Gold 

A11  Other E x t e r i o r  Surfaces, Second Surface 

S i  1 vered Tef 1 on 



Table 3-10 

ERBSS SCANNER ANALOG TELEMETRY 

Funct ion 

Detec tor  Temperature, Channel 6 

Detector  Temperature, Channel 7 

Detector  Temperature, Channel 8 

Gal i b r a t i o n  Blackbody Temperature No. 1 

C a l i b r a t i o n  Blackbody Temperature No. 2 

Gal i b r a t i  on 51 ackbody Temperature No. 3 

Chopper Reference Temperature, Channel 6 

Chopper Reference Temperature, Channel 7 

Chopper Reference Temperature, Channel 8 

Scan Drum Temperature 

Main E lec t ron i cs  Temperature 

Bias Current,  Channel 8 Detector  

Azimuth Gimbal Posi ti on 

Scan Motor Current  

Chopper Motor Current  

+15 V o l t s  

-15 V o l t s  

+10 V o l t s  

+5 V o l t s  

Reference Voltage No. 1 

Reference Voltage No. 2 



The detector mounting surface and the chopper reference targets are actively 

controlled. The control temperatures will have to be determined after more 

detai 1 of the design interfaces and power dissipations are identified. Control 

of the Channel 8 detector is the most critical and a secondary fine control may be 

necessary.* The desired operating temperature has not yet been identified for 

the blackbody target. The shutter for the solar calibration assembly should 

remain closed when cal ibration is not being made. 

3.3.9 Power and Weight Summary 

Estimates have been made for the power and weight of the scanning assembly and 

these are summarized in Tab1 es 3-1 1 and 3-12. 

"i.e., it may be necessary to establish a secondary temperature control inter- 
face between the temperature controlled detector mounting surface and the 
detector to provide fine control to <<0.05OC. 



Table 3-11 

SCANNING ASSEMBLY POWER BUDGET 

Scan Drum Electronics 

Chopper Drive Transistors 

Chopper Motor 

Main Electronics 

Power Supply (60 percent efficiency) 

Scan Drive Transistors 

Scan Motor 

Total 

Table 3-12 

SCANNING ASSEMBLY WEIGHT BUDGET 

Subassembly 

Housing/Structure 

Drum Structure 

Chopper and Drive 

Scan Drum Drive 

Diffusers, Mirrors, etc. 

Telescopes and Detectors 

Electronics 

Gimbal 

Miscellaneous 

Contingency 

Total 

Pounds 

6.0 

2.6 

3.1 

4.5 

1.3 

1.5 

9.0 

3.0 

4.5 

8.5 - 
44.0 

Watts 

4.8 

3.5 

2.3 

5.4  

6.8 

3.5 

2.3 - 
28.6 





Sect ion 4 

INSTRUMENT ANALYSES 

A number o f  analyses have been performed du r ing  t h e  c o n t r a c t  t o  a t t a i n  an 

app rec ia t i on  f o r  t h e  magnitudes o f  var ious  e r r o r  terms. I n  addit ioln, LTV, a 

con t rac to r  f o r  t h e  Langley Research Center, has examined computer programming 

techniques f o r  i n t e r a c t i v e l y  reducing some o f  those e r r o r s  w i t h  e x i s t i n g  data. 

Most o f  t he  analyses are  r e l a t e d  t o  t h e  non-scanning, Ear th - look i  ng, medi urn and 

wide f i e l d  o f  view channels. A t a b u l a t i o n  o f  t h e  e r r o r s  r e l a t e d  t o  those 

channels i s  found i n  Sect ion 4.1. A summary o f  t he  i t e r a t i v e  technique f o r  

reducing shortwave channel e r r o r  due t o  dome heat ing  i s  presented i n  Sect ion 

4.2. Sect ion 4.3 conta ins the  e r r o r  ana lys i s  f o r  t he  scanning channels w h i l e  

Sect ion 4.4 has t h e  r e s u l t s  o f  res idua l  momentum c a l c u l a t i o n s  f o r  t he  scanner 

components. An analyses was performed e a r l i e r  i n  t he  program t o  asce r ta in  

maximum dimensions f o r  the  non-scanning assembly. The r e s u l t s  are found i n  

Sect ion 4.5. 

4.1 MEDIUM/WIDE FIELD OF VIEW CHANNELS ERROR ANALYSIS 

The medium/wide f i e l d  o f  v iew channels a re  sub jec t  t o  e r r o r  i npu ts  r e l a t e d  t o  

hea t  t r a n s f e r ,  o p t i c a l ,  and e l e c t r i c a l  unce r ta in t i es .  These have been cate- 

go r i zed  i n  Table 4-1 as Extraneous I r rad iance ,  Angular Response, Po la r i za t i on ,  

Channel Noise, Quan t i za t i on  Noise, and System L i n e a r i t y .  

4.1.1 Channel Response 

A l l  o f  t he  medium and wide f i e l d  o f  view channels use thermopi le  detectors i n  

t h e  d i r e c t  c u r r e n t  mode. The response expression can be w r i t t e n :  

where: 



Table 4-1 

SUMMARY OF MEDIUM/WIDE FIELD OF VIEW IRRADIANCE UNCERTAINTIES 

Shortwave Channel To ta l  Channel 

Uncer ta in ty  Term 

Extraneous I r r a d i a n c e  

r So lar  View 

o Ear th  View 

Angular Response 

@ Solar  View 

r Ear th  View 

P o l a r i z a t i o n  (Ear th View Only) 

Channel Noise 

Q u a n t i z a t i o n  Noise 

Time Constant 

o So lar  View 

r Ear th  View 

RSS'  d Tota l  

@ Solar  View 

@ Ear th  View 

Negligible 

to. 1 



W i s  t he  i r r a d i a n c e  a t  t he  channel aper tu re  i n  an assigned spect ra l  

i n t e r v a l  (0.2 t o  5 micrometers, SW; o r  0.2 t o  50+ micrometers, T) i n  

W/M2, 

Wo i s  t he  apparent t a r g e t  i r r a d i a n c e  caused by emissions o f  the  

thermopi le  and o ther  o p t i c a l  components, 

AC i s  the  d i g i t i z e d  channel ou tpu t  s igna l  i n  counts. ( I t  i s  the  

d i f f e r e n c e  i n  counts w i t h  the  source exposed and w i t h  the  aper ture 

covered w i t h  a  b lack  p l a t e  a t  t h e  de tec tor  temperature. ) 

So i s  t he  thermopi le  s e n s i t i v i t y  i n  a i r  a t  25OC (- V/WM-2), 

G i s  the  channel e l e c t r o n i c  "gain" i n  b i t s  per  v o l t  ( a t  the  thermo-- 

p i l e ) ,  

S(T) i s  the  r a t i o  o f  t he  thermopi le  s e n s i t i v i t y  a t  t he  p e r t i n e n t  

temperature t o  i t s  s e n s i t i v i t y  a t  25OC, 

Va i s  t he  vacuum t o  a i r  r a t i o  ( the  r a t i o  o f  the  thermopi le  s e n s i t i v i t y  

i n  vacuum t o  i t s  s e n s i t i v i t y  i n  a i r ) ,  

F i s  the  f i l t e r  f a c t o r  and i s  t he  r a t i o  o f  t he  t o t a l  i r r ad iance  o f  

t he  source i n  t he  assigned spec t ra l  i n t e r v a l  f o r  each channel t o  t he  

ac tua l  i r r a d i  ance reading the  de tec tor .  

where: 

H(A) i s  t he  source spec t ra l  i r r ad iance ,  t ( A ) ,  i s  t he  spec t ra l  s e n s i t i v i t y  

f u n c t i o n  o f  t h e  channel ( p r i m a r i l y  t h e  t ransmiss ion o f  t h e  Suprasil-W 

hemisphere) and A i s  t he  wavelength i n  micrometers. (The thermopi les are 
assumed here t o  be spec t ra l  l y  nonselect ive.  ) 

Note t h a t  the  ERBSS thermopi le  channels w i t h  Suprasil-W f i l t e r s  w i l l  be c a l i -  

b ra ted  i n  terms of i r r a d i a n c e  i n  t he  assigned spec t ra l  i n t e r v a l s ,  nod i n  terms 

o f  t h e  f i l t e r e d  i r r a d i a n c e  a t  t h e  thermopi l e rece ivers .  



F f o r  t he  f i l t e r e d  channels should, i n  theory,  be d i f f e r e n t  f o r  var ious sources 

( s o l a r  s imu la tor ,  sun1 i g h t  a t  t he  ground, and e x t r a t e r r e s t r i a l  sun1 i g h l )  , b u t  

Suprasil-W i s  so t ransparent  t h a t  i n  p r a c t i c e ,  no spec t ra l  co r rec t i ons  need be 

app l i ed  f o r  t he  var ious sources. F = 1 f o r  t h e  u n f i l t e r e d  (0.2 t o  50+) measure- 

ments. 

Thermopiles are  "thermal de tec tors"  and respond t o  thermperature changes of 

t h e i r  rece i ve r  surface. The rece i ve r  i s  warmed by i n c i d e n t  r a d i a t i o n  and 

cooled by i t s  own emission. Thermal de tec to r  s igna ls ,  t he re fo re ,  clepend upon 

t h e  n e t  i r r a d i a n c e  a t  t he  r e c e i v e r  surface. 

The thermopi le  s igna ls  a re  generated by temperature d i f f e rences  bethfeen thermo- 

couple j unc t i ons  i n  i n t i m a t e  contac t  w i t h  the  pr imary rece i ve r  and corresponding 

referenced junc t ions .  The reference j unc t i ons  i n  t he  case o f  t he  Eppley c i r -  

c u l a r  wire-wound thermopi les are i n  i n t i m a t e  contac t  w i t h  a  reference rece i ve r  

i d e n t i c a l  t o  t he  pr imary rece i ve r ,  b u t  f a c i n g  i n  t he  opposi te d i r e c t i o n .  The 

reference rece i ve r  w i l l  view a  r e l a t i v e l y  massive low emittance aper tu re  so 

t h a t  i t s  f i e l d  o f  view w i l l  be f i l l e d  by i t s  r e f l e c t i o n  and r e f l e c t i o n s  o f  i t s  

surroundings. A l l  sources seen by the  reference r e c e i v e r  w i l l  be nea r l y  a t  t h e  

same temperature as the  thermopi le  body. Terms t o  represent  temperature changes 

o f  t he  reference r e c e i v e r  are n o t  inc luded i n  the  formulae g iven k~ere. The 

t ime  constants o f  t h e  pr imary and reference rece i ve rs  are  matched, so t h a t  

thermopi le  body temperature changes w i l l  n o t  generate f a l s e  s igna ls .  However, 

t o  keep the  thermopi le  response nea r l y  constant  and l i n e a r ,  the  mounting s u r f a c e  

f o r  the  thermopi le  i s  c o n t r o l l e d  t o  a  nea r l y  constant  temperature. The thermo- 

p i l e s  are  i n  a  heat t r a n s f e r  s i t u a t i o n  w i t h  the  mounting i n t e r f a c e ,  the  F i e l d  

o f  view l i m i t i n g  aper tu re ,  t h e  scene, and i n  t he  case o f  the  shortwave channel, 

t h e  Suprasil-W domes. The wide f i e l d  o f  view channels as p a r t  o f  t h e i r  ""scene" 

see an annular view o f  space o r  t he  Ear th  l imb around the  Earth. During s o l a r  

c a l i b r a t i o n ,  t he  f i e l d  o f  view i s  more l i m i t e d  b u t  as the  sun subt.ends on l y  

one-ha1 f degree, t he re  i s  a1 so a  heat t rans fe r  t o  space. The term Wo i n  the  

response equat ion then inc ludes  unwanted o r  extraneous heat t r a n s f e r  w i t h  the  

aper ture,  mounting sur face,  dome (SW on ly ) ,  and space. 



I n  a d d i t i o n  t o  the  thermal e r r o r  inputs ,  t he re  are  o p t i c a l l y  r e l a t e d  i npu ts  t o  

W, such as sca t te red  l i g h t  and angular response unce r ta in t i es .  Both e f f e c t s  

a re  a m p l i f i e d  i n  the  shortwave channel due t o  the  hemispheric dome. Scene 

p o l a r i z a t i o n  a l so  has a s t rong e f f e c t  i n  the  shortwave channels, again because 

o f  t he  dome. The e l e c t r i c a l  e f f e c t s  i nc lude  t h e  de tec to r  t ime consl,anl, t he r -  

mal ly- induced noise, quan t i za t i on  noise, and l i n e a r i t y  associated w i t h  the  

de tec to r  and e lec t ron i cs .  While these terms are  i d e n t i f i a b l e ,  they represent  

random e r r o r s  which cannot r e a d i l y  be e l im ina ted  and reduced i n  magnitude. 

E l e c t r i c a l  o f f s e t s  can, o f  course, be c a l i b r a t e d  out.  The term AB: i n  the  

response equat ion i nd i ca tes  a r e l a t i v e  change i n  the  system output  r a t h e r  than 

an absolute value. 

4.1.2 Extraneous I r r a d i a n c e  Magnitudes 

P re l im ina ry  thermal analyses have been performed on the  medi um and wide f i e 1  d o f  

view t runcated hemispheric aper tures w i t h o u t  t he  Suprasil-W domes, aind on t h e  

s o l a r  v iewi  ng apertures. 

As i n d i c a t e d  e a r l i e r  , LTV has developed an i t e r a t i v e  technique f o r  the reduct ion  

o f  data i n  the  wide f i e l d  o f  view shortwave channel which reduces the  magnitude 

o f  e r r o r s  associated w i t h  heat ing  o f  the  Suprasil-W dome by t h e  scene i r r a d i -  

ance. I n  determin ing the  magnitudes of e r r o r s  associated w i t h  any p a r t i c u l a r  

e r r o r  source we have taken i n t o  cons idera t ion  whether such an e r r o r  may be 

reduced by i t e r a t i o n  w i t h  a d d i t i o n a l  data o r  by c a l i b r a t i o n .  Extraneous i w a d i - -  

ance du r ing  the  Ear th - look ing  mode has two con t r i bu to rs ;  coup1 i n g  w i t h  the  

aper tu re  and mounting sur face,  and heat ing  o f  t he  dome by scene irracliawce. We 

have found t h a t  t he  worst  case f o r  the  f i r s t  i s  t h e  medium f i e l d  o f  view t o t a l  

channel. The worst  case f o r  t he  l a t t e r  i s  t he  wide f i e l d  o f  view ~jhortwave 

channel. 

The thermal ana lys i s  of t he  two t runcated hemispheric aper tures and of "ce 

s o l a r  v iewing aper tures was performed w i t h  a Monte Car lo thermal view f a c t o r  

program which accounts f o r  specular r e f l e c t i o n s  and which can e x a c t l y  model 

c u r v i  1  i nea r  surfaces, r a t h e r  than approximating them by a se r ies  o f  f l a t s .  



Ear th  Viewing Pos i t ion .  I n  t h i s  p o s i t i o n  each de tec to r  looks ou t  d i r e c t l y  i n t o  

i t s  hemispherical  aper tu re  sh ie ld .  There are  two s izes  o f  t h i s  shileld; one for 

t he  medium f i e l d  o f  view and one f o r  t he  wide f i e l d  o f  view. These sh ie lds  are 

i d e n t i c a l  except f o r  dimensions, so the  r a d i a t i o n  models were a l so  s i m i l a r  

(F igure 4-1). The nodal breakdown i s :  

Node - Descr ip t i on  

1 Space o r  Ear th  

2  Hemispherical aper tu re  s h i e l d  

3  S ta t i ona ry  f l o o r  (2 i s  mounted t o  t h i s )  

4 Detector  

5 Ro ta t i ng  f l o o r  (4 i s  mounted t o  t h i s )  

A Monte Car lo  program determined the  r a d i a t i o n  interchange f a c t o r s  w i t h  these 

sur face p rope r t i es :  

Node F i n i s h  E - p D i f f u s e  p Specular 
1  -------- 1  0  0  

2 Go1 d  0.03 0  0.97 

3 Go1 d  0.03 0  0.97 

4  Detector  1  0  0  

5 Go1 d  0.03 0  0.97 

E r ro rs  a re  in t roduced i n t o  the  d e t e c t o r ' s  s igna l  because o f  r a d i a t i v e  heat 

t r a n s f e r  between the  de tec to r  and the  surroundings which are  n o t  p a r t  s f  the  

scene. Thus we need t o  examine t h e  heat t r a n s f e r  between Node 4  (de tec tor )  and 

Nodes 2, 3, and 5. 

Node 4  i s  well-mounted t o  Node 5 so t h a t  t he re  i s  no temperature d i f f e r e n t i a l  

between them; thus the re  i s  no heat t r a n s f e r  between them. The thermal design 

of t he  inst rument  requ i red  t h a t  t he re  be a  g rad ien t  between the  r o t a t i n g  p o r t i o n  

(Nodes 4 and 5) and t h e  s t a t i o n a r y  p o r t i o n  (Nodes 2  and 3), and w i t h  the  ro -  

t a t i n g  p o r t i o n  o f  298°K and the  s t a t i o n a r y  p o r t i o n  a t  284°K under narmal oper- 

a t i  ng cond i t ions .  



Figure 4-1 Earth Viewing Aperture Nodal Breakdown 



The e r r o r  term i s  thus Q = CI(B~+~-~) (T$ - T;+g) where rr = Stefan-Boltzman 

cons tan t  = 5.66961 x  watts/m2 - O K 4 .  

%+3 = r a d i a t i v e  in terchange f a c t o r  

= 9.097 x  m2 f o r  t he  medium f i e l d  o f  view aper tu re  

= 3.389 x  m2 f o r  t he  wide f i e l d  o f  view aper tu re  

For  a  de tec to r  area o f  3.167 x  m2 

Q/A = 2.25 w/m2 f o r  t h e  medium f i e l d  o f  view aper tu re  

Q/A = 0.84 w/m2 f o r  t h e  wide f i e l d  o f  v iew aper tu re  

The exact  coup1 i n g  f o r  each channel can be determined by thermal t e s t i n g  and 

c a l i b r a t i o n .  Temperatures o f  t he  aper tu res  and thermopi les are inc luded i n  the  

data  stream. R e l a t i v e l y  simple c o r r e c t i o n  f a c t o r s  can then be app l i ed  t o  t he  

data, reducing the  magnitude o f  t h e  e r r o r  term. Assuming an unce r ta in t y  i n  the  

temperature readouts and emit tance and view f a c t o r s  equ i va len t  t o  2"C, t he  

u n c e r t a i n t y  i n  t h e  t o t a l  medium f i e l d  o f  v iew channel can be est imated a t  k0.35 

w/m2. 

When the  de tec to rs  are r o t a t e d  t o  t h e  sun-viewing p o s i t i o n ,  they  l o o k  i n t o  a 

l a r g e  c a v i t y  (which i s  a  p o r t i o n  o f  a  c y l i n d e r )  be fore  they view t h e  ac tua l  

s o l a r  aper tu re  enclosure (F igure 4-2). Th is  c a v i t y  has been modeled as i n  

F igu re  4-3, us ing  these sur face  f i n i s h e s .  

Node F i n i s h  - 1 p D i f f u s e  

Apertures (A-D) Hole 1 0  0 

Detectors (F-G) ---- 1 0 0 

Cy l inder  Ends ---- 1 0  0 

Cy l inder  Curve Go1 d 0.03 0  0. 97 

F loo r  Go1 d  0.03 0  0.97 

Not ice  t h a t  i n  t h i s  p r e l i m i n a r y  ana l ys i s ,  t h e  ac tua l  s o l a r  aper tu re  enclosure 

has no t  been modeled except as an entrance ho le  w i t h  E = 1. Th is  i s  probably  



SUN 

Figure 4-2 Cross-Section with Detectors in Sun-Viewing Position 
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Figure 4-3 Nodal Breakdown of Cylindrical  Cavity 
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c l o s e  t o  c o r r e c t  because energy l e a v i n g  t h e  d e t e c t o r  w i l l  n o t  r e f l e c t  back t o  

t h e  de tec to r .  Us ing 298OK f o r  t h e  f l o o r  and d e t e c t o r  and 284OK f o r  the  r e s t  o f  

t h e  enc losure  we ge t ,  f o r  d e t e c t o r  F o r  G, 

In te rchange 5, m2 Q/A , w/m2 

De tec to r  - c y l i n d e r ,  cu rve  9.760 x 24.1 
p l u s  ends 

Detec to r  - ho le  16.736 x l o - "  41 - 4  

These e f f e c t s  a re  much l a r g e r  than  t h e  d e s i r e d  4  w/m2. The temperature d i f f e -  

r e n t i a l  cannot be reduced because o f  t h e  need t o  dump e l e c t r i c a l  power be ing  

d i s s i p a t e d  i n  t h e  r o t a t i n g  p a r t ,  so these  p o t e n t i a l l y  l a r g e  e f f e c t s  w i l l  have 

t o  be c a l i b r a t e d  o u t  us i ng  i n - f l i g h t  temperature measurements (see Sec t ion  

5.0). 

I n  t h e  shortwave channel,  t h e  Suprasi  1-W f i 1  t e r  absorbs most o f  t h e  longwave 

r a d i a t i o n .  Scene i r r a d i a n c e  causes c o o l i n g  o f  t h e  f i l t e r  caus ing heat  t r a n s f e r  

f rom t h e  t he rmop i l e  and an e r r o r .  As shown i n  Sec t i on  4.2,  t h e  e r r o r  can be 

reduced t o  0.2 w/m2 us ing  an i t e r a t i v e  computer programming technique. Another 

source o f  e r r o r  assoc ih ted  w i t h  t h e  f i l t e r  i s  t h e  longwave l e a k  shown by 

F i g u r e  4-4. 

I f  we assume an emi t tance o f  1.0 f o r  t h e  E a r t h  and a  t r ansm i t t ance  f o r  t he  

q u a r t z  f i 1  t e r  o f  0.9 a t  wavelengths g r e a t e r  than  1,000 pm, t h e  1 on~gwave l eak 

f o r  a  temperature o f  300K i s  8.75 w/m2. Because o f  t h e  f l a t - p l a t e  na tu re  o f  

t h e  thermop i les ,  abso rp t i on  drops o f f  r a p i d l y  a t  l a r g e r  wavelengths, cons ider-  

a b l y  reduc ing  t h i s  term. Assuming t h a t  t h e  t o t a l  and shortwave channels are  

i d e n t i c a l  excep t  f o r  t h e  f i l t e r ,  t h e  longwave l e a k  can be removed us ing  measure- 

ments f rom t h e  t o t a l  channel. The response o f  t h e  t o t a l  channel i s  composed o f  

shortwave and longwave components and can be expressed as: 





The shortwave channel response i s  comprised o f  t h e  shortwave s o l a r  r e f l e c t e d  

r a d i a t o r  and t h e  l e a k  t e rm  as f o l l ows :  

The d i f f e r e n c e  between t h e  read ings  i n  t h e  two channels i s  t hen  WLW - L. A t  a 

300K E a r t h  temperature,  t h e  l e a k  i s  l e s s  than  two pe rcen t  o f  t h e  longwave 

t o t a l .  Knowledge o f  t h e  s p e c t r a l  responses o f  t h e  channels a t  t h e  l onge r  

wave1 engths reduces t h e  u n c e r t a i n t y  o f  t h i s  te rm t o  l e s s  than  k0.1 W/M2. 

Shortwave channel e r r o r s  due t o  ext raneous i r r a d i a n c e  can be RSS'd t o  10.22 W/M2 

w h i l e  t h e  t o t a l  channel i s  50.35 W/M2. 

4.1.3 Angular  Response 

The angu la r  response e r r o r  terms i n c l u d e  response e r r o r s  due t o  t h e  Supras i l -R  

dome i n  t h e  E a r t h - l o o k i n g  mode, s c a t t e r i n g  f o r  t h e  E a r t h - l o o k i n g  mode, and 

p o i n t i n g  i naccu rac i es  i d e n t i f i a b l e  w i t h  t h e  s o l a r  v iew ing .  The Suprasi  l - W  

dome p rov i des  a smal l  f o c u s i n g  e f f e c t  caus ing  a depar tu re  f rom a cos ine  response. 

T h i s  i s  more pronounced a t  t h e  h i g h e r  angles ( f r om  t h e  normal)  and i s  n e g l i -  

g i b l e  a t  t h e  sma l l e r  angles.  There fo re ,  i t  can be s t a t e d  t h a t  t h e r e  i s  no 

e f f e c t  f o r  s o l a r  v iew ing .  W i t h  t h e  d e t e c t o r  r a d i u s  equal  t o  0.58 t imes t h e  

f i l t e r  dome r a d i u s ,  t h e  s o l i d  ang le  f i e l d  o f  v iew i s  inc reased  f rom 2.5613 SR 

t o  2.5665 SR i n  t h e  WFOV channel .  T h i s  r ep resen t s  an inc rease  o f  0 .2  pe rcen t  

and a response inc rease  o f  0.002 x 400 W/M2 = 0.8 W/M2. Much o f  t h i s  e r r o r  

can be removed by  c a l i b r a t i o n  w i t h  a wide f i e l d  o f  v iew t a r g e t  and measurements 

o f  t h e  s o l i d  ang le  channel response. The u n c e r t a i n t y  assoc ia ted  w i t h  t h e  

e r r o r  te rm i s  es t ima ted  t o  be 0.12 W/M2. 

As i n d i c a t e d  above, t h e  e r r o r  i s  a percentage o f  t h e  h i g h e s t  expected shortwave 

i r r a d i a n c e  i n  t h e  wide f i e l d  o f  view. T h i s  i s  c a l c u l a t e d  f o r  an average scene 

a lbedo o f  0.37, an average z e n i t h  ang le  o f  13.0' and a s o l a r  cons tan t  o f  

1368 W/M2 and i s  approx imate ly  400 W/M2. The wo rs t  case t o t a l  i r r a d i a n c e  f o r  

a wide f i e l d  o f  v iew channel i s  based on a scene w i t h  50 pe rcen t  c l o u d  cover ,  



an a lbedo o f  0.43, an average ground temperature o f  300K, and an average c l o u d  

temperature o f  240K r e s u l  L i n g  i n  a t o t a l  scene i r r a d i a n c e  o f  500 W/M2. 

Energy s c a t t e r e d  i n t o  t h e  f i e l d  o f  v iew o r  s c a t t e r e d  away f rom t h e  f i e l d  o f  

v iew a l s o  a f f e c t s  t h e  channel response. A s c a t t e r i n g  a n a l y s i s  was performed 

on t h e  shortwave and t o t a l  wide f i e l d  o f  v iew channels t o  g e t  a wo rs t  case. 

For  low emi t tance  sur faces  on t h e  f i e l d  o f  v iew ape r t u res  and on t h e  d e t e c t o r  

mount ing p lane ,  t h e  t o t a l  channel energy i s  inc reased  by  0.01 pe rcen t  and t h e  

shortwave by  0.033 percen t .  Based on t h e  wo rs t  case scenes d iscussed above, 

t h e  t o t a l  channel e r r o r  i s  0.05 W/M2 and t h e  shortwave 0.13 W/M2. These a re  

b i a s  e r r o r s  d i f f i c u l t  t o  c a l c u l a t e  ou t .  The shortwave s c a t t e r i n g  i s  h i g h l y  

dependent on dome p o l i s h  and c l e a n l i n e s s .  The angu la r  response u n c e r t a i n t i e s  

a r e  then  0.13 W/M2 2 0.12 W/M2 i n  t h e  shortwave channel and 0 .05 bd/Pt2 I: 

0.12 W/M2 i n  t h e  t o t a l  channel .  No a t t emp t  was made t o  determine t h e  dev ia-  

t i o n  f rom t r u e  cos ine  response due t o  t h e  angu la r  and s p e c t r a l  dependence o f  

t h e  t he rmop i l e  f l a t  p l a t e  r e c e i v e r  absorptance. 

The s o l a r  c a l i b r a t i o n  f i e l d  o f  v iew i s  t5O. The u n c e r t a i n t y  i n  t h e  d i r e c t i o n  

v e c t o r s  o f  t h e  s p a c e c r a f t  axes w i t h  r e s p e c t  t o  t h e  s o l a r  v e c t o r  i s  expected Lo 

be 20.14O. The u n c e r t a i n t i e s  i n  t h e  angu la r  readouts  o f  t h e  az imuth and c a l  i- 

b r a t i o n  g imbals  a re  approx imate ly  +0.05°. I n  any one d i r e c t i o n ,  t h e  r o o t  sum 

squared u n c e r t a i n t y  then  i s  approx imate ly  +0.15O. A t  one extreme o f  t h e  s o l a r  

f i e l d  o f  v iew t h e  response i s  p r o p o r t i o n a l  t o  t h e  cos ine  o f  5O. The response 

u n c e r t a i n t y  due t o  an u n c e r t a i n t y  o f  d i r e c t i o n  o f  0.15O i s  t hen  cos 4.85' - 

cos 5O o r  0.0225 percen t .  For  a f u l l  s c a l e  r ead ing  o f  1370 W/M2,  t h e  uncer- 

t a i  n t y  i s  k0.31 W/M2. 

4.1.4 Hemispher ica l  F i l t e r  P o l a r i z a t i o n  Ana l ys i s  

One o f  t h e  most impo r tan t  t asks  o f  t h e  i ns t r umen t  d e f i n i t i o n  studly was t o  

conduct s t u d i e s  t o  o p t i m i z e  t h e  des ign  o f  t h e  Suprasi l -W hemispher i ca l  dome 

f i l t e r s ,  cons ide r  p o l a r i z a t i o n  s e n s i t i v i t y ,  thermal  emiss ion,  con tamina t ion  

s e n s i t i v i t y ,  and angu la r  response. I n  t h e  f o l l o w i n g  paragraphs, t h e  r e s u l t s  

o f  t h e  p o l a r i z a t i o n  a n a l y s i s  a re  presented.  



Two wo rs t  case p o l a r i z a t i o n  f i e l d s  due t o  Ray le igh  s c a t t e r i n g  were cons idered:  

a  f u l l y  symmetr ical  f i e l d  ( s a t e l l i t e  s o l a r  z e n i t h  ang le ,  Z = 0°), and a  h i g h l y  

unsymmetr ical  f i e l d  ( s o l a r  z e n i t h  angle ,  Z = 57.58O). I n  each case, t h e  

s i g n a l  on t h e  d e t e c t o r  f rom t h e  p o l a r i z e d  f i e l d  was compared w i t h  t h a t  f rom a 

f i e l d  o f  t h e  same i n t e n s i t y  d i s t r i b u t i o n  b u t  unpo la r i zed .  The rescrl t s  a re  as 

f o l l o w s :  

D i f f e r e n c e  i n  S igna l  Between 

z - P o l a r i z e d  and Unpo la r i zed  F i e l d  (percen t )  

0' (Symmetr ical)  0.349 

57.58 (Asymmetr ical)  0.003 

The symmetr ical  case i s  t h e  wo rs t  by  f a r .  The more asymmetr ical  t h e  p o l a r i -  

z a t i o n  f i e l d ,  t h e  more n e a r l y  t h e  dome t r ansm iss i on  approaches t h a t  f o r  un- 

p o l a r i z e d  1  i g h t .  

4.1.4.1 S t a t e  o f  Problem 

Determine t h e  d i f f e r e n c e  i n  s i g n a l  o f  a  hemispher i ca l  fused  s i l i c a  dome f o r  

unpo la r i zed  E a r t h  r a d i a t i o n  and f o r  p o l a r i z e d  r a d i a t i o n  due t o  a  normal Ray le igh  

s c a t t e r i n g  p o l a r i z a t i o n  f i e l d .  Consider two cases, b o t h  o f  which i n v o l v e  a 

f u l  l y  i 11 uminated E a r t h  d i s c .  

1. A wo rs t  case symmetr ica l  p o l a r i z a t i o n  f i e l d  about t h e  s a t e l l i t e  nad-ir 

( subsa te l  1 i t e  s o l a r  z e n i t h  angle ,  Z + 0'). 

2 .  A wo rs t  case asymmetr ical  p o l a r i z a t i o n  f i e l d  w i t h  t h e  maximum s o l a r  z e n i t h  

ang le  which s t i l l  p e r m i t s  f u l l  i l l u m i n a t i o n  o f  t h e  v i s i b l e  Ea r t h  d i s c  

(subsa te l  1  i t e  s o l a r  z e n i t h  ang le ,  Z = 57-58'). 

The wo rs t  case, o r  maximum p o l a r i z e d  f i e l d ,  i n v o l v e s  p i c k i n g  a  low o p t i c a l  

t h i c kness  t and low su r f ace  a lbedo A,  l ow va lues o f  t and A reduce t h e  d e p o l a r i -  

z i n g  e f f e c t s  o f  mu1 t i p 1  e  s c a t t e r i  ng. 



4.1.4.2 Method o f  S o l u t i o n  

The t r ansm i t t ance  o f  t h e  dome w i l l  va r y  w i t h  ang le  o f  i n c i dence  on the  dome 

su r f ace ,  w i t h  t h e  degree o f  p o l a r i z a t i o n  o f  t h e  i n c i d e n t  l i g h t ,  and w i t h  t h e  

o r i e n t a t i o n  o f  t h e  p l ane  o f  t h e  p o l a r i z e d  component r e l a t i v e  t o  t h e  p lane  o f  

i nc idence .  I n  o r d e r  t o  reduce t h e  prob lem t o  manageable p r o p o r t i o n s ,  it was 

subd i v i ded  i n t o  a  number o f  d i s c r e t e  s teps.  

De te rm ina t i on  o f  P o l a r i z a t i o n  F i e l d .  The c h a r a c t e r i  s i  t c s  o f  t h e  p o l  a r i  z a t i  on 

f i e l d  were determined w i t h  t h e  a i d  o f  t h e  Coulson, Dave, and Sekera t a b l e s  f o r  

a  p l ane  p a r a l l e l  Ray le igh  s c a t t e r i n g  atmosphere (U.C. Press, 1960). The t a b l e s  

g i v e  t h e  Stokes p o l a r i z a t i o n  parameters I ,  Q, and U f o r  l i g h t  s c a t t e r e d  by t h e  

atmosphere, f o r  va r i ous  o p t i c a l  th i cknesses ,  T, su r f ace  a lbedo A,  s o l a r  z e n i t h  

ang les ,  PO,  and s c a t t e r e d  r a y  z e n i t h  and az imuth angles,  p  and I$. A wo rs t  case 

p o l a r i z a t i o n  f i e l d  was assumed: 

t = 0.15 ( A  = 0 .5  pm) and 

A = 0  (no r e f l e c t i o n  f rom t h e  su r f ace )  

A F o r t r a n  program (SATPOL, cou r t esy  L. L. Stowe o f  NOAA), was used t o  conve r t  

t a b l e  da ta  f rom t a r g e t  c o o r d i n a t e  system t o  n a d i r  and az imuth angles i n  t h e  

s a t e l l i t e  coo rd i na te  system. I n p u t s  t o  t h e  program a re  t h e  s a t e l l i t e  a l t i t u d e  

(600Km), and t h e  subsa te l  1 i t e  s o l a r  z e n i t h  ang le  ( two cases: O0 and 57.58O). 

The o u t p u t  i nc l udes  t h e  t a r g e t  s o l a r  z e n i t h  ang le  ( t h e  i n t e r p o l a t i o n  v a r i a b l e  

po),  t a r g e t  z e n i t h  and az imuth angles (p and I$, f rom t a r g e t  t o  ~ a t e ~ l i t e ) ,  and 

s a t e l l i t e  n a d i r  and az imuth angles (q, or). The l a t t e r  two angles d e f i n e  a 

s p a c i f i c  t a r g e t  p o s i t i o n  as seen f rom t h e  s a t e l l i t e .  

Fo r  a 600Km o r b i t ,  t h e  ang le  f rom t h e  n a d i r  t o  t h e  h o r i z o n  i s  g i v e n  by:  

Thus, t h e  t o t a l  f i e l d  o f  v iew o f  t h e  E a r t h  d i s c  f rom t h e  s a t e l l i t e  i s  132.134O. 



The v i s i b l e  d i s c  was d i v i d e d  i n t o  f o u r  concent r ic  zones o f  equal area when 

p ro jec ted  onto a  p lane perpendicular  t o  t he  sate1 1  i t e  nad i r .  The sate1 l i t e  

n a d i r  angle f o r  t he  c e n t r o i d  o f  each area was then determined. 

The coordinate conversion program generates data on l y  a t  16 d i s c r e t e  nad i r  

angles, so i t was necessary t o  use n a d i r  angles d i f f e r e n t  from the  des i red  

values, and make corresponding co r rec t i ons  i n  t h e  we igh t ing  f a c t o r  f o r  each 

zone. 

Oesi r e d  Nadi r 
Anal es 

Val ues 
Used 

Weight ing 
Factor  

The t a r g e t  s o l a r  z e n i t h  angles generated by t h e  program are  i n  between the  Uo 

values i n  t he  CDS tab les ,  and i n t e r p o l a t i o n  was requ i red  t o  ob ta in  the  corre-  

sponding values o f  I, Q, and U. For t he  f i r s t  case (Z = 0),  there  i s  no v a r i -  

a t i o n  o f  p o l a r i z a t i o n  c h a r a c t e r i s t i c s  w i t h  azimuth angle, so o n l y  f o u r  data 

p o i n t s  were requi red.  For t he  second case (Z = 57.58'0, t he re  i s  no symmetry 

about s a t e l l i t e  nad i r ,  so f o u r  da ta  p o i n t s  were generated f o r  each o f  seven 

azimuth angles from O0 t o  180'. I n  t h i s  case, t he re  i s  l e f t - r i g h t  symmetry 

about t he  sun 1  i n e  plane. 

Two FORTRAN programs were w r i t t e n :  INTOR f o r  Z  = 0°, and INTOR2 f o r  Z = 57.58'. 

These programs obta ined i n t e r p o l a t e d  values f o r  I, Q, and U  (where I = t o t a l  

i n t e n s i t y  and Q and U  are the  Stokes parameters), and ca l cu la ted  the  fo l l ow ing  

q u a n t i t i e s  f o r  each o f  the  32 data po in ts :  

I v  ( v e r t i c a l  i n t e n s i t y  component): I v  = 0.5 (I - Q) 

I h  (ho r i zon ta l  i n t e n s i t y  component): I h  = 0.5 (I + Q) 

P (degree o f  p o l a r i z a t i o n ) :  P = Q2 + u2$/1 

X ( o r i e n t a t i o n  o f  p lane o f  p o l a r i z a t i o n  r e l a t i v e  t o  v e r t i c a l  p lane 
i n  appropr ia te  azimuth): X = 0.5 tan-l(-U/Q) 



A l l  subsequent c a l c u l a t i o n s  were made u s i n g  I v  and I h  on l y ,  w i t h  P and X be ing  

used t o  check c o r r e l a t i o n  w i t h  t h e  CDS tab les .  The P va lues cor re la . ted  c l o s e l y  

w i t h  t h e  t a b u l a t e d  va lues,  b u t  major  d isc repanc ies  were found between t h e  

c a l c u l a t e d  and t h e  t a b u l a t e d  va lues o f  X. S ince X was n o t  r e q u i r e d  f o r  t h e  

p resen t  s tudy,  no a t tempt  was made t o  r e s o l v e  t h e  d iscrepancy.  

Dome C h a r a c t e r i s t i c s .  The f o l l o w i n g  c h a r a c t e r i s t i c s  were assumed f o r  t h e  dome: 

5.974 mm, o u t e r  r a d i u s  

r l . O  mm, t h i c k  

s 4.974 mm, i n n e r  r a d i u s  

o 4.974 mm, i n n e r  su r f ace  t o  d e t e c t o r  

s 6.35 mm, d e t e c t o r  d iameter  
De tec to r  Radius - 3.475 - 0 .  580 --- 

@ Mean Dome Radi um 5.474 

The dome i s  c o n c e n t r i c  about t h e  c e n t e r  o f  t h e  d e t e c t o r ;  thus,  any r a y  aimed a t  

t h e  cen te r  o f  t h e  d e t e c t o r ,  f rom any angle,  w i l l  be normal t o  t h e  dome and w i l l  

n o t  be dev ia ted .  

The dome was s imu la ted  on t h e  o p t i c a l  a n a l y s i s  program ACCOS-V, and a  p a t t e r n  

o f  r ays  was t r a c e d  around t h e  r i m  o f  t h e  d e t e c t o r  f o r  each o f  t h e  f o u r  n a d i r  

angles,  w i t h  t h e  dome a x i s  assumed v e r t i c a l .  Th i s  a c c u r a t e l y  e s t a b l i s h e d  t h e  

dimensions and shape o f  t h e  e f f e c t i v e  ape r tu re  o f  t h e  dome f o r  ea.ch n a d i r  

angle.  Another s e t  o f  r ays  was then  t r a c e d  f rom t h e  cen te r  t o  t h e  edge a f  t h e  

ape r tu re ,  thus  e s t a b l i s h i n g  t h e  angle o f  inc idence  on t h e  dome as a  f u n c t i o n  o f  

r a d i a l  d i s t ance  f rom t h e  beam cen te r .  

A l a rge -sca le  drawing was made o f  t h e  e f f e c t i v e  ape r tu re  f o r  each o f  t h e  f o u r  

n a d i r  angles,  and t h e  area f o r  equal r a d i a l  increments w i t h i n  t h e  e l l i p s e  was 

determined. Data f o r  a  n a d i r  angle o f  ze ro  ( c i r c u l a r  aper tu re )  i s  g i ven  i n  

Table 4-2 t o  i l l u s t r a t e  t h e  procedure. For nonzero n a d i r  angles,  t h e  o u t e r  

a rea  increments were ad jus ted  t o  s t a y  w i t h i n  t h e  e l l i p s e .  I n  a l l  cases, t h e  

areas used where t h e  p r o j e c t e d  areas on to  a  p lane  pe rpend i cu la r  t o  t h e  c h i e f  

r a y ,  r a t h e r  than  t h e  a c t u a l  area a long  t h e  curved sur face .  



R e l a t i v e  
Aper tu re  

Table 4-2 

RELATIVE APERTURE EFFECTS, NADIR ANGLE ZERO 

Radius o f  Angle o f  
Ac tua l  Inc idence  Cumul a t i v e  Incr~ernental  

Aper tu re  (mm) (degrees) - Area (mm2) Area (mm2) 



Transmi t tance  o f  Dome. A FORTRAN program, POLAR, was w r i t t e n  t o  generate  t a b l e s  

o f  dome t r ansm i t t ances  as a  f u n c t i o n  o f  i n c i dence  ang le  f o r  t h r e e  c o n d i t i o n s :  

unpo la r i zed ,  p o l a r i z e d  i n  t h e  p l ane  o f  i nc idence ,  and p o l a r i z e d  pe rpend i cu l a r  t o  

t h e  p l ane  o f  i nc idence .  

Summation Over t h e  Dome. Because o f  t h e  v a r i a t i o n  o f  ape r t u re  area and shape 

w i t h  n a d i r  ang le ,  t h e  summation procedure was s l i g h t l y  d i f f e r e n t  f o r  each o f  t h e  

f o u r  n a d i r  angles.  For  a  g i v e n  n a d i r  ang le ,  however, t h e  summation was i d e n t i c a l  

f o r  a l l  az imuth p o i n t s .  For  each o f  t h e  32 da ta  p o i n t s ,  two summations on t h e  

dome were done: one f o r  t h e  p o l a r i z e d  f i e l d ,  and one f o r  an unpo la r i zed  f i e l d  

b u t  w i t h  t h e  same i n t e n s i t y  d i s t r i b u t i o n ,  the reby  p r o v i d i n g  a  means o f  no rma l i -  

z i ng .  Four FORTRAN programs were w r i t t e n :  SUM1 f o r  t h e  f i r s t  n a d i r  ang le  

39.3707 SUM2 f o r  t h e  second n a d i r  ang le ,  e t c .  The i n p u t  f o r  each da ta  p o i n t  was 

I v ,  t h e  v e r t i c a l  i n t e n s i t y  component, and I h, t h e  h o r i z o n t a l  i n t e n s i t y  component. 

For  t h e  unpo la r i zed  case, t h e  summation was as f o l l o w s :  

A(1) ( I v  + Ih)TA(1) + A(2)  ( I v  + Ih)TA(2) + . . . 
+ A(n) ( I v )  + Ih)TA(n) 

where 

A(1) = f i r s t  a rea  increment  

TA(1) = t r ansm i t t ance  o f  t h e  dome f o r  unpo la r i zed  l i g h t  a t  t h e  

ang le  o f  i n c i dence  cor respond ing  t o  t h e  f i r s t  a rea  increment.  

Fo r  t h e  p o l a r i z e d  case, a  more complex summation was performed. The slrmmatisn 

was done i n  t h r e e  p a r t s  as f o l l o w s :  

1. For  t h e  c i r c l e  i n s c r i b e d  w i t h i n  t h e  e l l i p s e ,  t h e  summation was done e x a c t l y  

as i n  t h e  unpo la r i zed  case s i nce  by  symmetry arguments t h e r e  i s  no n e t  

e f f e c t  due t o  p o l a r i z e d  f i e l d .  

A ( l )  ( I v  + I h )TA( l )  + . . . 



2. For the next two o r  three area increments, each increment was d iv ided i n t o  

three approximately equal areas, and the angle o f  r o t a t i o n  about the 

inc iden t  ch ie f  ray t o  the center of one o f  the outer areas was determined 

from the large scale drawing. Symmetry about the major axis o f  the e l l i p s e  

was assumed. 

One-third o f  the area increment was computed as f o l  lows: 

where 

A l ( 1 )  = One-third o f  area A(1)  

Tv(1) = Transmittance o f  the dome f o r  1 i g h t  po lar ized i n  

the plane o f  incidence, a t  the angle o f  incidence 

corresponding t o  area increment A(1) 

Th(1) = The same f o r  1 i g h t  po lar ized perpendicular t o  the 

plane o f  incidence. 

For the other two-th i rds o f  the area, new values o f  I v  and I h  were calcu- 

l a t e d  as fo l lows: 

I v C  = I v  x cos28 + I h  x sin28 

IhC = I v  x s in2@ + I h  x cos28 

The area ca lcu la t ion  was then done as before: 

where 

AZ(1) i s  two-th i rds o f  area increment A(1) 

Tv(1) and Th(1) as described above 

0 i s  the angle o f  r o t a t i o n  i n  the aperture as described above. 



The t o t a l  sum f o r  t he  area increment cons is ted  o f :  

3. Outer Area Increments i n  t he  E l l i p s e .  For these outer  area increments, the 

e l l i p s e  had narrowed s u f f i c i e n t l y  t h a t  t h e  r o t a t i o n  o f  t he  dome normal 

around the  segment d i d  no t  in t roduce a  s i g n i f i c a n t  e r r o r .  For these 

segments, t h e  summation formula used was: 

The output  f o r  each o f  these summing operat ions was two numbers, one p ropo r t i ona l  

t o  t h e  p o l a r i z e d  r a d i a t i o n  s igna ls  and the  second p ropo r t i ona l  t o  the  unpslar ized 

r a d i a t i o n  s igna ls .  The r a t i o  o f  these numbers i s  a  measure o f  t he  s e n s i t i v i t y  

o f  t he  dome t o  v a r i a t i o n s  i n  p o l a r i z a t i o n  o f  1 i g h t  received form the  Ear th.  

Summations Over the  Earth. The r e s u l t s  o f  t he  summation ana lys i s  are g iven i n  

Tables 4-3 through 4-8. 



Table 4-3 

SUMMATION ANALYSIS, SYMMETRICAL CASE ( z  = 0') 

Nad i r  Angle (q) Weight P o l a r i z e d  Unpol a r i  zed D i f f e r e n c e  

39-37' 0.265 1.43580 1.43385 0.001 95 

51.33' 0.205 1.36668 1.36233 0.00435 

59.9g0 0.265 1.49869 1.49233 0.00636 

64.45' 0.255 2.01903 2.00964 0.00939 

Mean we igh t  va lue,  p o l a r i z e d :  0.265 x 1.43580 + 0.205 x 1.36668 . . .= 1.57266 

Mean weighted va lue,  unpo la r i zed :  0.265 x 1.43385 + 0.205 x 1.36233 . . . =  2.56717. 

D i f f e r e n c e s  o f  mean weighted values: 1.57266 - 1.56717 = 0.00549 

0.00549/1.57266 = 0.00349 x 100 = 0.349 percen t .  

Table 4-4 

SUMMATION ANALYSIS 

Asymmetrical Case (Z = 57.58') Nad i r  Angle ( ~ q )  = 39-35' 

Azimuth 

0 

30 

60 

90 

120 

150 

180 

P o l a r i z e d  

0.91666 

Unpol a r i z e d  

0.91 235 

D i f f e r e n c e  

0.00431 

Mean va lue,  p o l a r i z e d  = 1.15675. 

Mean va lue,  unpo la r i zed  = 1.15599. 



Table 4-5 

SUMMATION ANALYSIS 

Asymmetrical Case (Z = 57.58O) Nad i r  Angle (q) = 59.99' 

Azimuth (a) 

0 

30 

60 

9 0 

120 

150 

180 

P o l a r i z e d  

1.08617 

1.04953 

0.99749 

1.05950 

1.30844 

1.48561 

1.59254 

Unpo la r i zed  

1 .08026 

1.04545 

0.99759 

1.06304 

1.24675 

1.48647 

1.59239 

Mean value, p o l a r i z e d  = 1.2741 3. 

Mean v a l  ue, unpol a r i  zed = 1.2741 0. 

Table 4-6 

SUMMATION ANALYSIS 

Asymmetrical Case (Z = 57.58O) 

Azimuth (a) P o l a r i z e d  

0 7.43966 

Unpol a r i  zed 

1.43352 

1.36878 

1.24204 

D i f f e r e n c e  - 

0.00591 

Nad i r  Angle ( q )  = 59. 9gQ 

D i f f e r e n c e  

Mean va lue ,  p o l a r i z e d  - 1.54149. 

Mean va lue,  unpo la r i zed  = 1.54166. 



Table 4-7 

SUMMATION ANALYSIS 

Asymmetrical Case (Z - 57.58O) Nad i r  Angle (q) = 64.45" 

Azimuth (or) P o l a r i z e d  Unpo la r i zed  D i  f f e r e n ~ c e  - 

Mean va lue,  p o l a r i z e d  = 2.15592. 

Mean va lue,  unpo la r i zed  = 2.15605. 

Table 4-8 

SUMMATION ANALYSIS 

Asymmetrical Case (Z = 57.58O) Summation o f  Nad i r  Values 

Nad i r  Angle ( q )  Weight P o l a r i z e d  Unpo la r i zed  - D i f f e r e n c e  

39.37O 0.265 1.15615 1.15599 0.00016 

Mean weighted va lue,  p o l a r i z e d  = 1.52583. 

Mean weighted va lue,  unpo la r i zed  = 1.52578. 

D i f f e r e n c e  of  mean weighted values: 1.52583 - 1.52578 = 0.00005 

0.00005/1.52583 = 0.00003 x 100 = 0.003 percen t .  



4.1.4.3 Summary o f  Resu l t s  and Recommendations 

As no ted  a t  t h e  beg inn ing  o f  Paragraph 4.1 , two p o l a r i z a t i o n  f i e l d s  due t o  

Ray le igh  s c a t t e r i n g  were considered: a  f u l l y - s y m m e t r i c a l  f i e l d  ( s a t e l l i t e  

s o l a r  z e n i t h  angle ,  Z = 0°), and a  h i g h l y  unsymmetr ical  f i e l d  ( s o l a r  z e n i t h  

ang le ,  Z = 57.58OO). I n  each case, t h e  s i g n a l  on t h e  d e t e c t o r  f rom the p o l a r -  

i z e d  f i e l d s  was compared w i t h  t h a t  f rom a  f i e l d  o f  t h e  same i n t e n s i t y  d i s t r i b u -  

t i o n  b u t  unpo la r i zed .  The r e s u l t s  a r e  as f o l l o w s :  

D i f f e r e n c e  i n  S igna l  Between 
z - P o l a r i z e d  and Unpo la r i zed  F i e l d  (percen t )  

O0 (Symmetrical ) 0.349 

57-58' (Asymmetr ical  ) 0.003 

The symmetr ical  case i s  t h e  wo rs t  by f a r .  The more assyme t r i ca l  t h e  p o l a r i -  

z a t i o n  f i e l d ,  t h e  more n e a r l y  t h e  dome t r ansm iss i on  approaches t h a t  f o r  un- 

p o l a r i z e d  l i g h t .  

Us ing  t h e  ACCOS-V o p t i c a l  a n a l y s i s  program, t h e  area o f  t h e  dome used when 

v i ew ing  t h e  sun and when v i ew ing  t h e  E a r t h  was determined f o r  two dome s i z e s ,  

and t h e  common area* determined f o r  each as f o l l o w s :  

RT/RD Common Area Mean Dome Rad (mm) 

0.50 14.9 pe rcen t  6.350 

0.58 19.2 pe rcen t  5.474 

RT = Radius o f  d e t e c t o r  = 3.175 mm 

RD = Mean Dome Radius 

If t h e  dome r a d i u s  i s  p l o t t e d  a g a i n s t  t h e  maximum ang le  o f  i n c i dence  on t h e  

dome, t h e  s l ope  i s  changing r a p i d l y  i n  t h e  r e g i o n  o f  5 t o  7  mm dome rad ius .  

%AS d iscussed i n  t h e  r e p o r t ,  "An exper iment  D e f i n i t i o n  Study f o r  a  Rad ia t i on  
C l imate  Radiometer", NASA CR-132407, November 1975, keeping as much common 
a rea  f o r  t h e  shortwave E a r t h  and s o l a r  v iews reduces t h e  s e n s i t i v i t y  o f  t h e i r  
r a t i o ,  o r  E a r t h  albedo, t o  e r r o r s  b rough t  about  due t o  changes i n  t h e  t r a n s -  
m i ss i on  o f  t h e  dome a f t e r  launch. 



Thus, a  r e l a t i v e l y  smal l  i n c rease  i n  dome r a d i u s  has a more s i g n i f i c a n t  e f f e c t  

i n  r educ ing  t h e  maximum angles o f  i n c i dence  on t h e  dome, which i n  t u r n  w i l l  

reduce t h e  t r ansm iss i on  v a r i a t i o n s  due t o  p o l a r i z a t i o n ,  than  i n  reduc ing  common 

area. It i s ,  t h e r e f o r e ,  recommended t h a t  an RT/RD r a t i o  c l o s e  t o  0.50 be used. 

T h i s  shou ld  reduce t h e  p o l a r i z a t i o n  e r r o r  by 30 pe rcen t ,  making t h e  d i f f e rence  

about  0.24 percen t .  Th i s  r e s u l t s  i n  a wo rs t  case b i a s  o f  0.97 W/M2 o r  an 

average u n c e r t a i n t y  o f  20.485 W/M2. 

4 .1 .5  Channel Noise 

Exper ience w i t h  t h e  ERB channels shows t h a t  t h e  channel no i se  i s  l a r g e l y  due t o  

t h e  e l e c t r o n i c s .  We can s t i l l ,  however, express t h e  no i se  i n  t e r ~ n s  o f  i t s  

e q u i v a l e n t  incoming i r r a d i  ance o r  N E I  ( no i se  e q u i v a l e n t  i r r a d i  ance) . T h i  s  i s 

g i v e n  by t h e  express ion:  

where NEP i s  t h e  d e t e c t o r  no i se  e q u i v a l e n t  power i n  w a t t s  HZ-', Af i s  t h e  no ise  

e q u i v a l e n t  bandwidth i n  H;', Ke i s  t h e  e l e c t r o n i c s  degrada t ion  f a c t o r  (ERB 

exper ience  i n d i c a t e s  t h a t  Ke i s  approx imate ly  50), co  i s  t h e  o p t i c a l  e f f i c i e n c y  

(equals  u n i t y  f o r  t h e  t o t a l  channels and 0.93 f o r  t h e  shortwave channels) ,  A i s  

t h e  d e t e c t o r  area and Km i s  t h e  e l e c t r o n i c s  chopping f a c t o r  es t imated  t o  be 

0.4. 

The t he rmop i l e  NEP i s  t h a t  assoc ia ted  w i t h  t h e  t he rmop i l e  r e s i s t a n c e  o r  Johnson 

no i se  and i s  expressed by  t h e  equa t ion :  

A ( ~ ~ T R ) '  NEP = 

where 



k = Bol  tzmann cons tan t  = 1.38042 x  w a t t  sec k - l  

R = Thermopi 1 e  r e s i s t a n c e  = 1,000 ohms 

T = Temperature = 298K 

A = Thermopi le c o l l e c t i n g  area = 3.17 x 70-5m2 

S = Thermopi le s e n s i t i v i t y  = 2 x  v o l t s  watt- l rn2 

Eva1 u a t i n g ,  NEP = 1.29 x  1  O - ~ W  HZ-' 

For  a  sampl ing t ime  o f  1 .6  seconds (tS), 

A f = - -  - 0.3125 HZ and ( ~ f j 5  = 0.559 
S 

The NEI can now be c a l c u l a t e d  and i s :  

2.84 x  ~ O - ~ W / M - ~  f o r  t h e  t o t a l  channel ,  and 

3.06 x  ~ O - ~ W / M - ~  f o r  t h e  shortwave channel 

4 .1 .6  Q u a n t i z a t i o n  Noise 

The ana log  t o  d i g i t a l  c o n v e r t e r  i n  t h e  system adds a  random no i se  t o  t he  channel 

n o i s e  which i s  p r o p o r t i o n a l  t o  t h e  q u a n t i z i n g  l e v e l .  For  t h e  ERBSS, t h e  quan t i -  

z a t i o n  l e v e l  r e f e r r e d  t o  t h e  f r o n t  end i s  t h e  t o t a l  dynamic range d i v i d e d  by 

4,096, t h e  number o f  q u a n t i z i n g  l e v e l s  ( f o r  a  1 2 - b i t  system). Assuming t h a t  

t h e  dynamic range w i l l  be s e t  f o r  t h e  s o l a r  c a l i b r a t i o n ,  t h e  f u l l  range i s  

1,370 W / M ~  and a  q u a n t i z i n g  i n t e r v a l  i s  0.334 w/M2. The RMS q u a n t i z a t i o n  no ise  

f o r  any c o n v e r t e r  i s  t h e  q u a n t i z i n g  l e v e l  d i v i d e d  by and i s  s l i g h t l y  l e s s  

t han  20.1 W/M2. 

4 .1 .7  System L i n e a r i t y  

The 1 i n e a r i  t y  o f  t h e  system e l e c t r o n i c s  i s  c a l  i b r a t a b l  e  except  f o r  u n c e r t a i n t i e s  

i n  t h e  analog t o  d i g i t a l  convers ion  o f  approx imate ly  +0.012%. Recent l i n e a r i t y  

measurements made on a  t o r o i d a l  thermopi l e  i n d i c a t e  exce l  l e n t  1 i n e a r i  t.y over a 



range o f  approx imate ly  1000 t o  1  w i t h  t h e  upper l e v e l  a t  about  1 . 2  s o l a r  con- 

s t a n t s .  No depar tu re  f rom a  l i n e a r  response was seen and a  l i n e a r i t y  uncer- 

t a i n t y  o f  +0.05% i s  es t imated.  The t o t a l  system l i n e a r i t y  u n c e r t a i n t y  i s  then  

20.0514%. A t  f u l l  s ca le  equal  t o  1370 w / M ~ ,  t h e  1  i n e a r i t y  u n c e r t a i n t y  becomes 

k0.7  W/M2. 

4.1 .8  Svstem Time Constant  

The e r r o r  caused i n  t h e  system response due t o  t h e  d e t e c t o r  t ime  ccinstant was 

i n v e s t i g a t e d .  The w o r s t  case appears t o  be t h e  shortwave, medium f i e l d  o f  v i e w  

channel .  A t  t h e  E a r t h ' s  su r f ace ,  t h e  medium f i e l d  o f  v iew has a  f o o t p r i n t  

1111 KM i n  d iameter .  Du r i ng  a  1.6 second i n t e g r a t i o n  t ime,  t h e  f o o t p r i n t  moves 

by  10.5 KM a long  t h e  s a t e l l i t e  t r a c k .  T h i s  causes a  wo rs t  case s i g n a l  response 

change o f  0.6 pe rcen t  l i m i t i n g  t h e  e f f e c t  o f  a  s low d e t e c t o r  response. For a 

comp le te ly  c loudy  scene, an albedo o f  0.85 and a s o l a r  cons tan t  o f  1368 W/M2, 

t h e  scene rad iance  i s  approx imate ly  275 W/M2. I n  t h e  w o r s t  case, a d e t e c t o r  

t i m e  cons tan t  (TC) o f  one second causes a  response e r r o r  o f  0.33 W/M2. If  TG 
i s  0 .5  seconds, t h e  e r r o r  i s  o n l y  0.067 W / M ~ ;  w h i l e  i f  2.0 seconds, t h e  e r r o r  

i s  0.74 W/M2. The t ime  cons tan t  can be e l e c t r i c a l l y  co r rec ted ,  b u t  unce r t a i n -  

t i e s  assoc ia ted  w i t h  vacuum-to-air  changes and ag ing  w i l l  e x i s t .  I f  t h e  t ime  

cons tan t  can be c o r r e c t e d  w i t h  an  u n c e r t a i n t y  o f  220 percen t ,  t h e  u n c e r t a i n t y  

f o r  a  one second t i m e  cons tan t  d e t e c t o r  i s  20.066 W/M2 i n  t h e  shortwave channel .  

The t o t a l  channel u n c e r t a i n t y  i s  es t ima ted  t o  be about h a l f  o f  t h a t  o r  to. 033 W/M2 

The t ime  cons tan t  e f f e c t  i n  t h e  wide f i e l d  o f  v iew channels i s  expected t o  be 

neg l  i g i  b l  e. 

Du r i ng  s o l a r  c a l i b r a t i o n ,  t h e  sun moves across t h e  f i e l d  a t  a  maximum r a t e  o f  

3. 71° p e r  minute.  I n  1 .6  seconds i t  moves 0. 09g0 caus ing  a  w o r s t  case scene 

v a r i a t i o n  o f  (cos 4.901' - cos 5') x 1370 W/M2 = 0.2043 W/M2. I f  thle t i m e  con- 

s t a n t  i s  one second and i s  c o r r e c t e d  t o  ?20%, t h e  scene u n c e r t a i n t y  i s  

20.033 W/M2 f o r  e i t h e r  shortwave o r  t o t a l  channels.  



C a l i b r a t i o n  Uncer ta in t i es  

I n  the  ERBSS non-scanning assembly, a l l  channels a re  c a l i b r a t e d  i n  o r b i t  aga ins t  

t h e  sun w i t h  Channel 5 t he  reference f o r  t he  o the r  four .  On t h e  ground, s o l a r  

s imu la tors  and o ther  types o f  t a r g e t s  such as i n t e g r a t i n g  spheres can be used 

f o r  t he  shortwave channels w h i l e  the  same t a r g e t s  p l u s  blackbodies can be used 

f o r  the  t o t a l  and s o l a r  constant  channels. U n t i l  t he  d e t a i l s  o f  the  t a r g e t s  

and t h e  i n t e r f a c e s  w i t h  the  inst rument  i n  t he  c a l i b r a t i o n  mode are  known, 

analyses r e l a t e d  t o  c a l i b r a t i o n  u n c e r t a i n t i e s  would have greater  u n c e r t a i n t i e s  

due t o  the  present  unknowns than would f i n a l l y  be rea l i zed.  Because o f  t h i s  we 

have no t  inc luded any c a l i b r a t i o n  u n c e r t a i n t i e s  i n  t he  analys is .  It can be 

s ta ted ,  however, t h a t  f a r  g rea te r  e r r o r s  a re  expected w i t h  ground t a r g e t s  f o r  

t he  shortwave i r r a d i a n c e  spec t ra  than f o r  t h e  longwave spectra. Serious consid- 

e ra t i ons  o f  ac tua l  p r e f l  i g h t  s o l a r  c a l  i b r a t i o n  us ing  h i g h - f l y i n g  a i r c r a f t  o r  

o the r  means such as S h u t t l e  should be explored. 

SHORTWAVE CHANNEL THERMAL ERROR REDUCTION 

The shortwave channel f i l t e r  f o r  t h e  ERBSS non-scanning assembly i s  a  hemisphere 

o f  Suprasil-W fused quartz.  Use i s  made o f  t he  na tu ra l  absorp t ion  charac ter is -  

t i c s  o f  t h a t  ma te r i a l  t o  l i m i t  t he  spec t ra  o f  r a d i a t i o n  i n c i d e n t  upon the  

shortwave thermopi le  t o  approximately 0.2 t o  5.0 pm. It has been noted, however, 

t h a t  normal v a r i a t i o n s  i n  t h e  t e r r e s t r i a l  longwave r a d i a t i o n  i n c i d e n t  t o  the  

dome causes i n t r a o r b i t  v a r i a t i o n s  i n  t h e  dome temperature d i s t r i b u t i o n  i n  s p i t e  

o f  t h e  f a c t  t h a t  t he  dome i s  connected t o  the  same heat  s i n k  as t h e  detector .  

Therefore, t h e  c o n t r i b u t i o n  t o  t h e  thermopi le  s igna l  o f  r a d i a n t  energy from the  

dome i s  n o t  constant  f o r  a l l  opera t iona l  cond i t ions .  Attempts t o  i n t e r p r e t  

thermopi le  response assuming a  constant  dome temperature d i s t r i b u t i o n  would 

r e s u l t  i n  a  s i g n i f i c a n t  measurement uncer ta in ty .  

I n  a  memorandum dated 7 January 1977, e n t i t l e d ,  "ERBSS Wide F i e l d  o f  View 

Shortwave Channel Data Reduction", w r i t t e n  t o  M r .  C.V. Woerner o f  LaRC and 

w r i t t e n  by Mr .  M.R. Luther  o f  Vought Hampton, an i n t e r a c t i v e  technique f o r  data 

reduc t i on  which v i r t u a l l y  e l  i m i  nates t h i s  e r r o r  i s  presented. A r e l a t i o n s h i p  



between the  longwave r a d i a t i o n  i n c i d e n t  upon the  dome and the  average dome 

temperature was es tab l ished and found t o  be nea r l y  l i n e a r .  From wide f i e l d  o f  

view t o t a l  and shortwave data, and i n i t i a l  assumptions about t he  average f i l t e r  

temperature, t he  longwave i r r a d i a n c e  i s  computed and used t o  e s t a b l i s h  a  t r u e  

f i l t e r  temperature as shown by F igure  4-5. Th is  i s  a  f l o w  c h a r t  o f  t he  o v e r a l l  

data reduc t i on  scheme. Resul ts  obta ined i n d i c a t e d  t h a t  one i t e r a t i o n  per  ca l -  

c u l a t i o n  f o r  t he  shortwave i r r a d i a n c e  i s  s u f f i c i e n t .  T y p i c a l l y ,  t he  longwave 

and shortwave i r rad iance  appears as shown by Figure 4-6; t he  f i l t e r  temperature 

va ry ing  w i t h  t h e  longwave i r rad iance .  These data were generated us ing  a modi- 

f i e d  vers ion  o f  t he  Colorado Sta te  U n i v e r s i t y  (CSU) Ear th  r a d i a t i o n  budget 

s imu la t i on  program. Actual data and reduced data, us ing  the  technique o f  

F igure  4-5, was compared w i t h  t h e  e r r o r s  shown i n  F igure  4-7. The measurement 

unce r ta in t y  has been computed t o  be 20.18 W/M2 which we have rounded o f f  t o  

20.2 w / M ~ .  

SCANNER CHANNELS ERROR ANALYSES 

The u n c e r t a i n t i e s  i n  Channels 6, 7 and 8 are  as extraneous i r rad iance ,  channel 

noise, quan t i za t i on  noise, de tec tor  thermal d r i f t s ,  and system l i n e a r i t y .  They 

are  summarized by Table 4-9. 

Table 4-9 

UNCERTAINTY ANALYSES SUMMARY FOR SCANNING ASSEMBLY CHANNELS 

Parameter 

Extraneous Radiance 

Channel Noise 

Quan t i za t i on  Noise 

Detector  Thermal D r i f t s  

System L i  nea r i  ty 

RSS' d Tota l  

SW Channel 
(W/M2- SR) 

23.0 x 10-3 

LW Channel 
(W/M2- SR) 

+O. 059 

Cloud Channel 
(W/M2- SR) 

N e g l i g i b l e  

25.4 x 10-4 

44.2 x 

51.5 x 

21.4 x 10-3 

20.01 51 
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4.3 .1  Extraneous I r r a d i a n c e  

Because o f  t h e  s i m p l i c i t y  o f  t h e  o p t i c a l  des ign  and t h e  f a c t  t h a t  none o f  t he  

o p t i c s  rad iance  i s  chopped, ext raneous i r r a d i a n c e  has i t s  o n l y  source ad t h e  

chopper. When t h e  chopper i s  open, t h e  power i n c i d e n t  on t h e  d e t e c t o r  emanates 

e n t i r e l y  f rom t h e  scene ( i g n o r i n g  a  smal l  amount o f  s c a t t e r i n g ) .  Du r i ng  chopper 

c l o s u r e ,  t h e  power i n c i d e n t  on t h e  d e t e c t o r  comes f rom t h e  chopper and t h e  

chopper r e f l e c t e d  re fe rence  t a r g e t .  The peak t o  peak s i g n a l  f rom t h e  d e t e c t o r  

i s  p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  between t h e  scene and t h e  chopper caused 

rad iances .  Th i s  d i f f e r e n c e  i n  power a t  t h e  d e t e c t o r  may be expressed 

AP = Aolleo (Ns-Nc) 

where 

Ao = c o l  1  e c t i  ng area 

R = s o l i d  ang le  f i e l d  o f  v iew 

E = o p t i c a l  e f f i c i e n c y  o f  e lements up t o  t h e  d e t e c t o r  
0 

Ns = scene rad iance  

Nc = chopper rad iance.  

Once p e r  scan, space i s  observed, Ns becomes e s s e n t i a l l y  zero,  and the chopper 

rad iance  f a c t o r  i s  known. The chopper i s  a  h i g h  r e f l e c t a n c e ,  s p e c ~ i l a r  m i r r o r  

d u r i n g  c l osu re .  However, i t  has a  f i n i t e  temperature and a  f i n i t e  emi t tance  

and t h e r e f o r e  has a  f i n i t e  rad iance .  The chopper r e fe rence  t a r g e t  i s  a c o n t r o i -  

l e d ,  o r  a t  l e a s t  an a c c u r a t e l y  mon i to red  source hav ing  a  h i g h  emit-tance. The 

u n c e r t a i n t i e s  assoc ia ted  w i t h  t h e  chopper and chopper r e fe rence  t a r g e t  come 

f rom component temperature changes between space views and temperature sensor 

readou t  u n c e r t a i n t i e s .  C a l c u l a t i o n s  have been made o f  t h e  magnitudes o f  these 

u n c e r t a i n t i e s  u s i n g  t h e  f a l l  owing assumed parameters:  

The r e f l e c t a n c e s  o f  a1 1 m i r r o r s  and t h e  chopper a re  0.97 

The emi t tance  o f  t h e  r e fe rence  b lackbody i s  0.99 

(I The emi t t a n c e  o f  t h e  chopper i s  0.03 



o The re fe rence  b lackbody temperature and t h e  chopper temperature a re  

b o t h  308K 

o The re fe rence  b lackbody temperature u n c e r t a i n t y  i s  20.05OC 

e The chopper temperature i ~ n c e r t a i  n t y  i s 10. Z°C. 

The magnitudes o f  these e f f e c t s  were w e l l  below t h e  no i se  l e v e l  i n  Channel 8 

( c l oud )  and a r e  cons idered  i n s i g n i f i c a n t .  The shortwave channel (6 )  u n c e r t a i n t y  

i s  23.0 x  ~ O - ~ W / M ~ - S R  w h i l e  t h e  Channel 7 u n c e r t a i n t y  i s  20.059 W/M2-SW. I t  

can be concluded t h a t  t h e  o n l y  channel a f f e c t e d  by these sources i s  Channel 7 ,  

t h e  1 ongwave channel .  

4 .3 .2  Channel Noise 

Noise e q u i v a l e n t  rad iances  (NEN's) and/or s i g n a l  t o  no i se  r a t i o s  have been c a l -  

c u l a t e d  f o r  Channels 6 ,  7 ,  and 8. For  Channels 6 and 7 ,  LiTaO p y r o e l e c t r i c  

d e t e c t o r  c h a r a c t e r i s t i c s  were assumed w h i l e  s i g n a l  t o  no i se  c a l c u l a t i o n s  have 

been made f o r  b o t h  Lead Su lph ide  (PbS) and p y r o e l e c t r i c  d e t e c t o r s  i n  Channel 8. 

I n  a l l  cases, a  one-cent imeter  d iameter  c o l l e c t i n g  o p t i c s  and a c i r c u l a r  t h ree -  

degree f i e l d  o f  v iew were assumed. The NEN f o r  a  channel can be expressed by 

t h e  equa t i on  

NEN = (NEP) (AF)'K~ 
A O R E ~ K ~  

where: 

e NEP i s  t h e  d e t e c t o r ' s  no i se  e q u i v a l e n t  power 

e A f  i s  t h e  no i se  e q u i v a l e n t  bandwidth and i s  equal  t o  1/2Ts, where Ts 

i s  t h e  i n t e g r a t i o n  t ime.  For Ts = 53 1/3 m i l  1  iseconds,  

A f  = 9.375 Hz and ( A f )  = 3.06 ~ i ! ~  

o K e i s a n e l e c t r o n i c s n o i s e f a c t o r , w e w i l l u s e K e = 1 . 2  

o A o i s t h e c o l l e c t i n g a r e a a n d i s 0 . 7 8 5 4 c m 2  

e C? i s  t h e  s o l  i d  ang le  f i e l d  o f  v iew; f o r  a  three-degree c i r c u l l a r  

f i e l d ,  Q =  2.15 x ~ O - ~ S R  



@ E i s  t h e  e f f e c t i v e  o p t i c a l  e f f i c i e n c y  f o r  each channel 
0 

@ Km i s  chopping f a c t o r  f o r  convers ion  f rom a  peak t o  peak t o  rrns 

s i g n a l  and i s  0.4. 

De tec to r  NEP. I n  Channels 6  and 7  a  d e t e c t o r  o f  0.18 cm d iameter  can be accommo- 

dated.  L i t e r a t u r e  and conversa t ions  w i t h  d e t e c t o r  manufacturers  i n d i c a t e  t h a t  

LiTaO, d e t e c t o r s  w i t h  NEPks o f  7 .5  x 10-10 w a t t s  HZ-' a re  a v a i l a b l e  w i t h  se lec -  

t i o n  and t h e  p rope r  FET. PbS d e t e c t o r s  a re  r e a d i l y  a v a i l a b l e  w i t h  NEPE s  o f  

3 .5  x 10-12 w a t t s  HZ-'. 

O p t i c a l  E f f i c i e n c y .  I n  Channel 6, t h e  m i r r o r s  a r e  assumed t o  be aluminum w i t h  

an average r e f l e c t a n c e  o f  0.91 over  t h e  s p e c t r a l  band. The d e t e c t o r  window and 

f i l t e r  a r e  i d e n t i c a l  w i t h  a  t r a n s m i t t a n c e  o f  0.92. I f  necessary,  t h e  f i l t e r  

can be t h e  d e t e c t o r  window. The o v e r a l l  e f f i c i e n c y  i s  0.7. 

The f i l t e r  i n  Channel 7  shou ld  d e f i n i t e l y  be t h e  d e t e c t o r  window t o  enhance t o  

o p t i c a l  e f f i c i e n c y .  A t r a n s m i t t a n c e  o f  0 .6  i s  assumed f o r  t h i s  element. The 

two m i r r o r s  each have a  r e f l e c t a n c e  o f  0.98 and t h e  o v e r a l l  e f f i c i e n c y  i s  

0.576. 

A v e r y  narrowband f i  1 t e r  i s  r e q u i r e d  i n  Channel 8 w i t h  a  t r ansm i t t ance  o f  0 .4  

assumed. The two m i r r o r s  each have a  r e f l e c t a n c e  o f  0.97 and t h e  d e t e c t o r  

window t r ansm i t t ance  i s  0.92. The o v e r a l l  e f f i c i e n c y  i s  0.346. 

W i t h  t h e  c a l c u l a t e d  NEP and o p t i c a l  e f f i c i e n c y  parameters and o t h e r  va lues 

above, t h e  channel NENks have been c a l c u l a t e d .  The shortwave channel has a NEN 

o f  0.058 W/M2-SR w h i l e  t h e  longwave channel has a  NEN o f  0.07 W/M2-SR. (Dur ing  

t h e  Rad ia t i on  C l imate  Radiometer s tudy ,  NEN's o f  0.11 and 0.13 W/M2-SR were 

d e s i r e d  f o r  t h e  SW and LW channels r e s p e c t i v e l y . )  The NEN ca lcu i la ted  f o r  

Channel 8  i s  5 .4  x ~ o - ~ - s R  w i t h  t h e  PbS d e t e c t o r  and 0.12 W/M2-SII f o r  t h e  

LiTa03 de tec to r .  

The c l o u d  channel i s  t o  have a  s i g n a l  t o  no i se  r a t i o  o f  a t  l e a s t  300 when view- 

i ng a  c l o u d  w i t h  a  su r f ace  r e f l e c t a n c e  o f  0.1 and a s o l a r  z e n i t h  ang le  o f  45'. 



The scene rad iance  under these c o n d i t i o n s  and a  bandwidth  o f  0.1 micrometers i s  

0.513 W/M2-SR. The s i g n a l  t o  no i se  r a t i o  i s  950 w i t h  t h e  PbS d e t e c t o r  and 4.3 

w i t h  t h e  LiTaOS de tec to r .  It i s  obv ious t h a t  a  p y r o e l e c t r i c  d e t e c t o r  cannot 

meet t h e  requi rements  o f  Channel 8. 

None o f  these channel no i se  c a l c u l a t i o n s  have i n c l u d e d  t h e  e f f e c t s  o f  m ic ro -  

phon ics  w i t h  t h e  p y r o e l e c t r i c  d e t e c t o r s  i n  Channels 6  and 7. The maignitude of 

no i se  generated by  microphonics  i n  t y p i c a l  p y r o e l e c t r i c  d e t e c t o r s  i s  10 t o  50 

p v o l t s  p e r  g  o f  v i b r a t i o n .  S ince t h e  exac t  mount ing c o n f i g u r a t i o n  i s  n o t  known 

and a f i n a l  detector/FET des ign  has n o t  been made, t h e  magnitude o f  t h e  micro -  

phon ic  e f f e c t  on t h e  ERBSS des ign  cannot  be q u a n t i f i e d .  

4 .3 .3  Q u a n t i z a t i o n  Noise 

The f u l l  s ca le  rad iance  f o r  t h e  SW, LW, and c l o u d  channels a re  assumed Lo be 

r e s p e c t i v e l y ,  370, 190, and 6  watts/M2-SR. The no i se  i n  each channel due t o  

q u a n t i z a t i o n  i s  t h e  q u a n t i z i n g  l e v e l  d i v i d e d  by  n. The quan t i z i r l g  l e v e l  i s  

t h e  f u l l  s c a l e  rad iance  d i v i d e d  by  4,096 s i n c e  we p l a n  t o  employ a  1 2 - b i t  

conve r t e r .  The q u a n t i z i n g  no ises  f o r  each channel a re  t hen  t0 .026  \d/M2-SR i n  

t h e  shortwave channel ,  20.013 W/M2-SR i n  t h e  longwave channel ,  arid 14 .2  x 

W/M-SR i n  t h e  c l o u d  channel .  

4 . 3 .4  De tec to r  Thermal D r i f t s  

The LiTa03 p y r o e l e c t r i c  d e t e c t o r s  have a  responsivity/temperature c:oef f ic ient  

o f  approx imate ly  0.2 percent/'C. C o n t r o l l i n g  t h e  d e t e c t o r  temperature t o  

+0.05°C shou ld  be p o s s i b l e  w i t h  a c t i v e  c o n t r o l  o f  t h e  d e t e c t o r  mount in i n t e r f a c e .  

Based on t h e  f u l l  s ca le  rad iance ,  t h e  u n c e r t a i n t i e s  due t o  temperature d r i f t  o f  

t h e  d e t e c t o r s  i n  Channels 6 and 7 a re  20.037 W/M2-SR and k0.019 W/M2-SW re -  

s p e c t i v e l y .  The PbS d e t e c t o r  has a much g r e a t e r  c o e f f i c i e n t ,  appl-oximately 

f o u r  t o  f i v e  percenU°C. W i t h  t h e  same c o n t r o l ,  i . e . ,  t0.05OC, t h e  u n c e r t a i n t y  

i n  Channel 8 i s  21.5 x ~ O - ~ W / M ~ - S R .  T h i s  may be t o o  g r e a t  f o r  t h i s  channel and 

improved c o n t r o l  may be t h e  answer. 



L i n e a r i t y  

The chopped scanning system i s  s i m i l a r  t o  t h e  MFOV/WFOV channels i n  t h a t  

d e t e c t o r  response l i n e a r i t y  i s  t h e  ma jo r  c o n t r i b u t e r  t o  u n c e r t a i n t i e s  w h i l e  t h e  

ana log  t o  d i g i t a l  c o n v e r t e r  a l s o  c o n t r i b u t e s  a  smal l  amount. Other  e l e c t r i c a l  

n o n u n i f o r m i t i e s  such as those observed i n  a m p l i f i e r s  and t h e  synchronous de- 

modulator  can be c a l i b r a t e d .  P y r o e l e c t r i c  d e t e c t o r s  a r e  n o t ,  by  na tu re ,  l i n e a r  

due t o  h e a t i n g  as t h e  source r a d i a t i o n  increases.  These n o n l i n e a r i t i e s ,  however, 

can be c h a r a c t e r i z e d  by c a l i b r a t i o n  t o  an u n c e r t a i n t y  o f  20.02%. The analog to 

d i g i t a l  c o n v e r t e r  c o n t r i b u t e s  an amount equal  t o  ?1/2 o f  t h e  l e a s t  s i g n i f i c a n t  

b i t  o r  t0.012% f o r  a  1 2 - b i t  conve r t e r .  O ther  e l e c t r i c a l  e f f e c t s  a re  n e g l i g i b l e  

and t h e  l i n e a r i t y  u n c e r t a i n t y  i s  20.0233% o f  f u l l  s c a l e  rad iance.  

Maximum shortwave rad iance  i s  based on a  s o l a r  z e n i t h  ang le  o f  ze ro ,  and an 

a lbedo o f  0.85 which c a l c u l a t e s  t o  be 370 W/M2-SR. The wo rs t  case rad iance  i n  

t h e  longwave channel i s  based on a  scene temperature o f  320K and was c a l c u l a t e d  

t o  be approx imate ly  190 W/M2-SR. The maximum rad iance  i n  Channel 8  i s  approx i -  

ma te l y  6 W/M2-SR. The 1 i n e a r i  t y  u n c e r t a i n t i e s  assoc ia ted  w i t h  Channel s  6 ,  7 ,  

and 8  a re  r e s p e c t i v e l y ;  20.086 W/M2-SR, 20.044 W/MLSR and 20. 0014 W/Fi12-SR. 

4 .4 RESIDUAL MOMENTUM CALCULATIONS 

There i s  a  TIROS requ i rement  t h a t  a l l  r o t a t i n g  components have momentum l e s s  

t han  0.02 i n - l b - s e c  o r  be compensated t o  t h a t  amount. Bo th  t h e  chopper d r i v e  

and t h e  scan drum and i t s  d r i v e  produce momentum g r e a t e r  than  0.02 i n - l b - sec .  

The chopper w i  1 l r o t a t e  a t  1,125 rpm o r  11 7.8 radans p e r  second. 'The des ign 

r o t a t i o n a l  speed f o r  t h e  scan drum i s  0.98 r a d i a n s  p e r  second w i t h  a  p e r i o d  o f  

6 . 4  seconds i f  operated con t i nuous l y  i n  one d i r e c t i o n .  

Assuming a  chopper t h i c kness  o f  0 .188- inch,  t h e  chopper d r i v e  moment o f  i n e r t i a  

breaks down as f o l l o w s :  



Chopper and blades: 4.55 x l ~ - ~ i n - l b - s e c ~  

Shaf t :  0.0034 x l ~ - ~ i n - l b - s e c ~  

Motor r o t o r  and hub: 6.05 x l ~ - ~ i n - l b - s e c ~  

T o t a l  i n e r t i a  1.06 x l ~ - ~ i n - l b - s e c ~  

A t  a r o t a t i o n a l  v e l o c i t y  o f  117.8 rad ians  p e r  second, t h e  chopper m:omentun i s  

approx imate ly  0.125 i n - l b - s e c ,  o r  6.25 t imes t h e  a1 lowed amount. 

The drum i s  f a i r l y  massive w i t h  a moment o f  i n e r t i a  o f  approx imate ly  0.7 i n - l b -  

sec2. A t  t h e  r o t a t i o n a l  v e l o c i t y  o f  0.98 rad ians  p e r  second, t h e  momen.l;um i s  

approx imate ly  0.1 i n - 1  b-sec o r  f i v e  t imes  t h e  a1 lowable.  

The moment o f  i n e r t i a  o f  t h e  r o t a t i n g  c y l i n d e r  w i t h  t h e  de tec to r s ,  e t c . ,  i n  t h e  

non-scanning assembly i s  8 .2  x 1 0 - ~ i n - l  b-sec2. A t  t h e  planned r o t a t i o n a l  

v e l o c i t y ,  t h e  a l lowed momentum w i l l  n o t  be exceeded. I t  i s  obvious t h a t  some 

form o f  momentum compensation should be planned f o r  t h e  scan drum and t h e  

chopper d r i v e .  None i s  r e q u i  r e d  f o r  t h e  non-scanni ng ins t rument .  

4.5 MAXIMUM DIMENSION ANALYSIS 

Du r i ng  t h e  des ign s tudy,  an a n a l y s i s  was p r e f e r r e d  t o  determine t h e  impacts o f  

t h e  requi rements o f  Sec t i on  2 on t h e  dimensions o f  t h e  non-scanning assembly. 

As shown by F igu re  3-1, t h e  f i e l d  o f  v iew ape r tu re  has a l a r g e  e f f e c t  on t h e  

o v e r a l l  l e n g t h  and h e i g h t  o f  t h e  assembly w h i l e  t h e  s o l a r  aper tu res  have a 

s i g n i f i c a n t  e f f e c t  on assembly w id th .  Aper tu re  dimensions and how they  were 

determined and t h e  p e r t i n e n t  requi rements were d iscussed i n Sec t i on  3 . 2 . 7 . 1 .  

The l e n g t h  o f  t h e  r o t a t i n g  c y l i n d e r ,  n o t  i n c l u d i n g  mechanisms, e t c . ,  i s  a func- 

t i o n  o f  t h e  sphe r i ca l  r a d i i  o f  t h e  medium and wide f i e l d  o f  v iew aper tu res .  As 

shown by Tables 3-2 and 3-3,  Rsp i s  39.7 mm f o r  t h e  MFOV channels and 52.3 rnm 

f o r  t h e  WFOV channels. The corresponding d iameters  a re  then  79.4 mm and 

104.6 mm r e s p e c t i v e l y .  S ince t h e r e  a r e  two medium and wide f i e l d  o f  v iew  

aper tu res ,  and assuming a 2 mm t h i ckness  f o r  each, t h e  necessary c y l i n d e r  

l e n g t h  i s :  



Z(79.4 + 4) + Z(104.6 + 4) = 384 mm = 38.4 cm. 

The remainder o f  t h e  package l e n g t h  inc ludes  7.7 cm f o r  t he  s o l a r  constant  

radiometer,  6 cm f o r  t h e  c y l  i nder mechanism and 8.9 cm f o r  t he  c y l  i nder bearings , 
f l e x  cable, and e l e c t r o n i c s  space on the  o the r  end. The o v e r a l l  length  o f  t he  

t o t a l  assembly i s  then: 

These f i g u r e s  represent  t h e  inst rument  1 ength f o r  = 132', and 26, = 126' i n  

t h e  wide f i e l d  o f  view channels. I f  the  132' t o t a l  angle (B2) can be re laxed 

and 261 remains f i x e d  a t  126', inst rument  l e n g t h  can be reduced as shown by 

Table 4-10. 

Table 4-10 

LENGTH REDUCTION AS A FUNCTION OF 262 

Length Reduction 

None 

3.2 cm (1.25 inch)  

5.5 cm (2.2 inch)  

7.4 cm (2.9 inch)  

8.9 cm (3.5 inch)  

A s i g n i f i c a n t  decrease i n  o v e r a l l  package leng th  can a l s o  be achieved through a 

reduc t i on  i n  the  unobscured angle 2tj1. Changing 26, from 126' t o  124' prov ides 

nea r l y  5 cm o f  package shor ten ing  as t h e  spher ica l  rad ius  i s  reduced by 12.4 mm. 

The worst  case aper tu re  he igh t  (L) i s  found i n  t h e  medi um f i e l d  o f  view aper- 

t u r e s  f o r  t he  TIROS miss ion (see Tables 3-2 and 3-3). The requirement t h a t  75 

percent  o r  more o f  t he  s igna l  be due t o  t h e  unobscured (26,) view angle makes 

26, 50' f o r  a 262 o f  66'. Since L v a r i e s  w i t h  these angles as: 

L = 2Rd 
t a n  - tan6ZI3 



As 62 and 61 became c l o s e r  i n  va lue ,  L inc reases .  The ape r t u re  h e i g h t  f o r  t h e  

TIROS m iss i on  w i l l  be n e a r l y  0.5 cm g r e a t e r  t han  t h e  a p e r t u r e  f o r  AEM. The 

medium f i e l d  o f  v iew a p e r t u r e  h e i g h t  i s  about  1 .2  cm g r e a t e r  t han  t h e  wide 

f i e l d  o f  v iew aper tu re .  Reduct ion o f  t h e  75 pe rcen t  requi rement  o r  o f  t h e  

d e t e c t o r  d iameter  would a1 so be e f f e c t i v e  i n  r educ ing  ape r t u re  h e i g h t .  

The same r u l e s  used t o  s i z e  t h e  E a r t h  v iew f i e l d  o f  v iew ape r t u res  a re  used 

t o  s i z e  t h e  s o l a r  f i e l d  o f  v iew ape r t u res ,  i. e. , 

RA + RD = L t a n  6, 

RA - RD = L t a n  6 L  

To keep 62 c l o s e  t o  6,,  L, t h e  a p e r t u r e  h e i g h t ,  must be as l o n g  as poss ib l e .  

For  t h e  p resen t  dimensions, L i s  7.75 cm, RA i s  10 mm, 26, i s  t e n  degrees, and 

262 i s  19.2'. The major  problems w i t h  t h e  s o l a r  v i ew ing  a r e  t h e  450 KM E a r t h  

l i m b  avoidance and l a c k  o f  knowledge as t o  where t h e  i ns t r umen t  w i l l  be mounted 

on t h e  spacec ra f t .  On TIROS, t h e  ang le  f rom t h e  h o r i z o n t a l  t o  t h e  4.50 KH l i m b  

h e i g h t  i s  20.2' w h i l e  on AEM i t  i s  14.9'. I f  t h e  spacec ra f t  i n s t a b i l i t y  o f  

1.4' i s  sub t rac ted ,  t h e  two angles a r e  18.8' and 13.5'. There fo re ,  t h e  262 

va lues  p i c k e d  r e q u i r e  a  0.4' unobscured v iew above t h e  h o r i z o n t a l  on 

TIROS and 5.7' on AEM. The tilt o f  t h e  a p e r t u r e  f rom t h e  h o r i z o n t a l  i s  9. Z0 on 

TIROS and 3.9' on AEM. These a re  summarized by Tab1 e  4-1 1. 

Table  4-1 1 

SOLAR APERTURE PARAMETERS FOR TIROS AND AEM 

View 
26, 26_2 L - R~ Aper tu re  T i  1 t Above H o r i z o n t a l  

T I  ROS 10' 19.2' 7 . 7 5 c m  1 cm 9. 2' 0.4' 

AEM 10' 19.2' 7 . 7 5 c m  1  cm 3. 9' 5.7O 

To keep f rom hav ing  d i f f e r e n t  t i l t s  and y e t  keep 26, = l o 0 ,  t h e  ape r t u re  would 

have t o  be s i z e d  f o r  t h e  AEM case, i . e . ,  262 = 13.5'. Under these  c o n d i t i o n s  

t h e  a p e r t u r e  h e i g h t  becomes 20.55 cm, an i nc rease  i n  a p e r t u r e  h e i g h t  and package 

w i d t h  o f  12.4 cm o r  about  f i v e  inches. T h i s  i nc rease  can be reduced t o  8.25 cm 

i f  261 i s  s e t  t o  n i n e  degrees. 
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Sec t i on  5  

ERBSS TEST PROGRAM 

ERBSS t e s t i n g  a t  t h e  component, subassembly, assembly, subsystem and system 

l e v e l s  needs t o  be w e l l  p lanned, we1 1 though tou t ,  we1 1 coo rd i na ted  and w e l l  

executed t o  meet t h e  system accuracy goa ls .  F i n a l  system l e v e l  t e s t i n g  and 

c a l i b r a t i o n  w i t h  t h e  Ground Checkout Equipment (GCE) shou ld  p rove  t h e  a b i l i t y  

o f  t h e  ins t ruments  t o  meet s p e c i f i e d  performance requi rements  when i n  o r b i t .  

As i l l u s t r a t e d  by  F i g u r e  5-1, component, subassembly, assembly, subsystem and 

even system l e v e l  t e s t s  p r o v i d e  v i t a l  i n f o r m a t i o n  f o r  so f tware  development and 

o r g a n i z a t i o n ,  and t h e  u1 t i m a t e  da ta  p rocess ing  and r e d u c t i o n  f o r  p e r f  ormance 

v e r i f i c a t i o n  a t  t h e  system l e v e l .  S t a b i l i t y  and r e p e a t i b i l i t y  requ i rements  

d i c t a t e  r e p e t i t i o n  o f  c e r t a i n  system t e s t s  and c a l i b r a t i o n s  d u r i n g  t h a t  p e r i o d  

o f  t ime  between i nstrument  i n t e g r a t i  on, i . e. , f i n a l  assembly, and sate1 1 i t e  

launch.  Whi le  t h e  i ns t r umen t  des ign  s t r esses  s i m p l i c i t y ,  t h e  t e s t  program must 

s t r e s s  t h e  thoroughness and a t t e n t i o n  t o  d e t a i l  l e a d i n g  t o  a  w e l l  c h a r a c t e r i z e d  

i ns t r umen t  and unders tand ing  o f  t h e  i ns t r umen t  data.  As i n d i c a t e d  p r e v i o u s l y  

i n  t h i s  r e p o r t ,  c a l i b r a t i o n  s tandards o f  t h e  accurac ies  needed have not been 

developed. 

An i m p o r t a n t  p a r t  o f  t h e  t e s t  and c a l i b r a t i o n  program, then,  w i l l  be t h e  des ign  

and development o f  t h e  sources, t a r g e t s ,  s tandards,  and t r a n s f e r  standards 

necessary t o  assure t h e  needed accuracy l e v e l s .  

The t e s t i n g  recommended and desc r i bed  i n  t h e  f o l l o w i n g  sec t i ons  f o r  t h e  d i f f e r -  

e n t  l e v e l s  i s  n o t  i n c l u s i v e  o f  a l l  t e s t i n g  which should  be done on t h e  ERBSS 

ins t ruments .  Rather ,  those  t e s t s  p e c u l i a r  t o  and necessary f o r  t h e  ins t ruments  

desc r i bed  by  Sec t i on  3.0 a re  discussed. 

5.1 COMPONENT, SUBASSEMBLY AND ASSEMBLY TESTS 

The impo r tan t  elements i n  t h i s  ca tegory  a re  t h e  d e t e c t o r s ,  o p t i c s ,  i . e . ,  

m i r r o r s ,  f i l t e r s ,  e t c , ;  f i e l d  o f  v iew apertures, s i g n a l  p rocess ing  e l e c t r o n i c s ,  

ana log  t o  d i g i t a l  conve r t e r s  and gimbal p o s i t i o n  readouts .  Any o f  these e l e -  

ments can adve rse l y  a f f e c t  system accuracy i f  n o t  p r o p e r l y  cha rac te r i zed .  



F i g u r e  5-1 ERBSS T e s t  Flow 



5.1.1 Detectors 

The thermopile detectors  f o r  channels 1 through 4 ,  the  cavity radiometer f o r  

channel 5 ,  the  pyroelect r ic  detectors  f o r  channels 6  and 7  and the lead sulphide 

detector  f o r  channel 8 a r e  a l l  included in t h i s  category. The following t e s t s  

should be performed on each detector .  

( 1 )  Radiance response ca l i b r a t i on ,  i . e . ,  responsivity 

(2 )  Lineari ty of response 

( 3 )  Noise Equivalent Radiance o r  Irradiance as applicable 

(4) Sens i t iv i ty  of response t o  temperature and vacuum 

(5)  Responsive time constant;  f o r  the cavity radiometers both ac t ive  and 

passive modes 

( 6 )  Spectral response a t  normal incidence f o r  a l l  de tectors  and over applicable 

incidence angles f o r  the  medium and wide FOV thermopiles 

( 7 )  Solid angular response over the appropriate incidence angles and a t  every 

45O of ro ta t ion  t o  obtain a complete, three  dimensional response map 

(8) Uniformity of response across the detector  area.  

Included as op t ics  a r e  the  hemispheric, Suprasil-W dome f i l t e r s  fo r  the  short- 

wave mode and medium f i e l d  of view channels, and the chopper, mirrors,  and 

f i l t e r s  f o r  channels 6 ,  7 ,  and 8 .  Important t o  high accuracy operation are  the  

s ca t t e r i ng  and spect ra l  transmission of the  hemispheric dome, spect ra l  ref lec-  

tance and emittance of the  mirrors and chopper and f i l t e r  transmissions. The 

t e s t s  recommended fo r  these elements are:  

( 1 )  Spectral transmission vs applicable temperatures f o r  the domes 

( 2 )  Scat ter ing by the dome ( t h i s  may be done as  a system t e s t )  

( 3 )  Spectral ref lec tance and emi t tance  of the chopper and mirrors 

(4)  Spectral transmission vs applicable temperature f o r  the  shortwave, longwave 

and cloud channels of the scanner. 



5.1.3 Medium and Wide F i e l d  o f  View Aper tu res  

The h e i g h t ,  ape r t u re  d iamete r  and s p h e r i c a l  r a d i u s  o f  each t r u n c a t e d  hemisphere 

a p e r t u r e  shou ld  be c a r e f u l l y  measured. These w i l l  be t e s t e d  a t  the  system 

l e v e l  f o r  f i e l d  o f  v iew response. An even more impo r tan t  parameter i s  s c a t t e r -  

i n g  o f  unwanted energy t o  t h e  d e t e c t o r  f rom t h e  a p e r t u r e  opening o f  t h e  i n t e r i o r  

su r faces .  The q u a l i t y  o f  t h e  i n t e r i o r  su r f ace  p o l i s h  and c o a t i n g  and t h e  k n i f e  

edge o f  t h e  a p e r t u r e  opening need t o  be c a r e f u l l y  checked. S c a t t e r i n g  f rom o u t  

o f  f i e l d  sources wi  11 be t e s t e d  a t  t h e  subsystem l e v e l .  

5.1.4 S igna l  Process ing E l e c t r o n i c s  

The a m p l i f i e r s ,  synchronous demodulator,  i n t e g r a t o r ,  and sample and h o l d  c i r -  

c u i t r y  a re  i n c l u d e d  i n  t h e  s i g n a l  p rocess ing  e l e c t r o n i c s .  As shown i n  Sec t i on  

4.0 n o n - l i n e a r i t y  i s  t h e  l a r g e s t  c o n t r i b u t i o n  t o  t h e  u n c e r t a i n t i e s  i n  b o t h  t h e  

scanning and non-scanni ng assembl i e s .  Gain, o f f s e t  and 1  i n e a r i  t y  should  be 

checked f rom t h e  no i se  l e v e l  t o  maximum l e v e l  over  t h e  range o f  temperatures 

i n d i c a t e d  by  thermal  a n a l y s i s .  

5.1.5 Anal og t o  D i g i t a l  Conver te r  

The l i n e a r i t y  o f  an ADC shou ld  be w i t h i n  +1/2 o f  t h e  l e a s t  s i g n i f i c a n t  b i t .  

Th i s ,  and t h e  o f f s e t ,  shou ld  be measured as a  f u n c t i o n  o f  a p p l i c a b l e  temper- 

a t u r e s  u s i n g  p r e c i s i o n  v o l t a g e  sources. 

5.2 SUBSYSTEM TESTS 

Each o f  t h e  two i ns t r umen ts  w i l l  be made up o f  a  number o f  subsystems which, i n  

gene ra l ,  a re  separab le  e n t i t i e s  which can be t e s t e d  semi- independent ly .  Bests  

a r e  no rma l l y  per formed on t h e  separate  subsystems t o  demonstrate t h a t  opera- 

t i o n a l  and i n t e r f a c e  requi rements  a r e  met p r i o r  t o  i n t e g r a t i o n  o f  t h e  subsystems. 

Three types  o f  "subsystem" t e s t s  a re  recommended; i n f l i g h t  t a r g e t  c a l i b r a t i o n s ,  

an ape r t u re /de tec to r  breadboard f o r  c h z r a c t e r i  z a t i  on o f  thermal  and o p t i  ca1 

parameters,  and 1 i f e  t e s t  models o f  t h e  scan d r i v e  and chopper d r i v e  mlechanisms. 



I n f l i g h t  Targe t  C a l i b r a t i o n  

The b lackbody t a r g e t s  f o r  t h e  medium and wide f i e l d  o f  v iew t o t a l  channels and 

t h e  l o n g  wave scanner channel would b e s t  be c a l i b r a t e d  by an e l e c t r i c a l l y  c a l -  

i b r a t e d  c a v i t y  rad iomete r  w i t h  a s u i t a b l e  f i e l d  o f  v iew. Combining t h e  c a v i t y  

measurements w i t h  h i g h l y  accu ra te  temperature measurements o f  t h e  blackbody 

w i l l  p r o v i d e  rad iance  vs temperature c a l i b r a t i o n  o f  t h e  b lackbod ies  and reason- 

a b l e  es t imates  o f  t h e  t a r g e t s '  emi t tance.  S i m i l a r  measurements a re  suggested 

f o r  t h e  shor twave/c loud channel scanner d i f f u s e  t a r g e t s .  A c o l l i m a t e d ,  h i g h  

i n t e n s i t y  shortwave source such as a s o l a r  s i m u l a t o r  i s  d i r e c t e d  a t  I,he d i f f u s e r  

ove r  t h e  range o f  a s o l a r  angles expected i n  o r b i t .  A c a v i t y  rad iomete r  o f  

s u i t a b l e  f i e l d  o f  v iew p rov i des  rad iance  measurement a t  each i nc i dence  angle .  

P r i o r  t o  t h i s  c a l i b r a t i o n ,  t h e  d i f f u s e r  shou ld  be t e s t e d  o u t  t o  5.0pm f o r  any 

specul  a r  r e f  1 ectance component. 

5 . 2 . 2  A ~ e r t u r e / D e t e c t o r  Breadboard 

A t  an e a r l y  t i m e  i n  t h e  program, an ape r t u re /de tec to r  shou ld  be assembled t o  

measure thermal  coup l i ng ,  o u t  o f  f i e l d  s c a t t e r i n g ,  p o l a r i z a t i o n  and t h e  s o l i d  

ang le  f i e l d  of view. Combinations shou ld  i n c l u d e  as a minimum, a wide f i e l d ,  

shortwave channel and a medium f i e l d ,  t o t a l  channel .  These t e s t s  5houId be 

des igned f o r  l a t e r  a d a p t a t i o n  t o  system l e v e l s  t e s t s .  A t  t h i s  l e v e l  t h e  

purpose i s  t o  c h a r a c t e r i z e  t h e  sources o f  e r r o r ,  showing d isc repanc ies  w i t h  

model l e d  r e s u l t s ,  and p r o v i d i n g  t h e  b a s i s  f o r  des ign  improvements. 

L i f e  T e s t  Models 

L i f e  t e s t s  o f  t h e  c o n t i n u o u s l y  opera ted  scanner and chopper d r i v e s  a re  recorn-- 

mended t o  be implemented e a r l y  i n  t h e  program. The purpose o f  these t e s t s  a re  

t o  demonstrate t h e  des ign  r e l i a b i l i t y  and t o  p r o v i d e  a degree o f  con f idence  i n  

t h e  des ign.  T e s t i n g  o f  t h i s  t y p e  o f  mechanism g e n e r a l l y  leads  t o  des ign  

re f inements ,  b o t h  mechanical  and e l e c t r i c a l .  A one yea r  l i f e  t e s t  i s  suggested 

w i t h  subsequent disassembly and wear measurements. 



5.3 SYSTEM TESTS 

A f t e r  t h e  ins t ruments  a r e  assembled, v a r i o u s  system l e v e l  t e s t s  a re  per formed 

t o  c h a r a c t e r i z e  va r i ous  i ns t r umen t  responses and t o  p r o v i d e  i n p u t s  t o  da ta  

r e d u c t i o n  so f tware .  Three types  o f  t e s t s  f o r  these  purposes have been c l a s s i -  

f i e d  as thermal  , o p t i c a l  and c a l i b r a t i o n  t e s t s .  

Thermal Tes ts  

Two v a r i e t i e s  o f  thermal  t e s t s  a re  recommended f o r  s p e c i f i c  b u t  d i f f e r e n t  pur -  

poses. These a r e  thermal  ba lance t e s t s  o f  t h e  ins t ruments  and thermal  response 

c h a r a c t e r i z a t i o n s  o f  t h e  channels.  

Thermal Balance Tes t  The purpose o f  t h e  thermal  ba lance t e s t  i s  t h e  v e r i f i -  

c a t i o n  o f  t h e  thermal  des ign  o f  t h e  ins t ruments ,  As such, i t  needs t o  be 

per formed i n  vacuum on t h e  Eng ineer ing  Models on l y .  W i t h  temperature sensors 

mounted i n  va r i ous  s t r a t e g i c  p o i n t s  on t h e  i ns t r umen t ,  o r b i t a l  f l u x e s  a re  sim- 

u l a t e d  t o  determine o p e r a t i n g  temperatures,  g r a d i e n t s ,  and r a t e s  o f  change. 

Aper tu re  c o u p l i n g  e f f e c t s  a r e  a l s o  determined by  v a r y i n g  t h e  a p e r t u r e  temper- 

a t u r e s  w i t h  r espec t  t o  t h e  d e t e c t o r  temperatures.  By p roper  i n s t r ~ i m e n t a t i s n ,  

t h e  g r a d i e n t s  across b o t h  t h e  ape r t u res  and t h e  shortwave dome f i l t e r s  a re  

measured. 

Thermal Response C h a r a c t e r i z a t i o n  The t o t a l  channels o f  t h e  nonscanning 

i ns t r umen t  measure t h e  t o t a l  e a r t h  r a d i a t i o n ,  b o t h  r e f l e c t e d  and em i t t ed .  Over 

99.5% o f  t h e  r e f l e c t e d  s o l a r  energy i s  measured by t h e  shortwave channel .  

However t h i s  channel a l s o  measures a  p o r t i o n  o f  t h e  e m i t t e d  r a d i a t i o n  i n  t h e  3 

t o  5 micrometer  spectrum and t h e  q u a r t z  longwave l e a k  (see Sectiton 4.0).  

Em i t t ed  r a d i a t i o n  f rom t h e  dome f i l t e r  a l s o  a f f e c t s  t h e  shortwave response. 

The r a d i a t i o n  i n t e r change  between t h e  shortwave d e t e c t o r  and i t s  f i e l d  o f  v iew 

can be broken down i n t o  t h e  components R + ESW + ELW + ED where R i s  t h e  r e -  

f e c t e d  i r r a d i a n c e ,  ESW t h e  e m i t t e d  i r r a d i a n c e  f rom 3 t o  5 micrometers ,  ELM t h e  

i r r a d i a n c e  i n  t h e  longwave l e a k ,  and ED t h e  dome i r r a d i a n c e .  When t h e  shortwave 

channel measurement i s  s u b t r a c t e d  f rom t h e  t o t a l  channel ,  t h e  d i f f e r e n c e  i s  



ET - ( R  + ESW + ELW + E D ) '  where ET i s  the total  irradiance. The response to  

an emissive ta rge t ,  i . e . ,  a blackbody, i s  ESW + ELW + E D  in the shortwave 

channel and ET - (ESW + ELW + ED), a f i r s t  estimate of E D ,  and, ther~eby, ESW +- 

ELM, i s  determined in a f i r s t  approximation (see Section 4 .0 ) .  In a second 

i te ra t ion ,  f a i r l y  accurate values for  ED and ESW + EL,, can be determined. The 

percentage of ES,, + ELW as a function of ET can then be determined for  the 

expected range of Earth temperatures. These percentages can then be used for  

future data reduction to  determine the exact reflected and emitted components, 

To perform these t e s t s ,  wide f i e ld  blackbody targets a re  needed for  each channel. 

The target  radiance measurements should be made by a cavity radiometer with the 

applicable f i e l d  of view. Finally, the GCE and i t s  software determine the donle 

irradiance, the extraneous transmitted emitted irradiance and aperture coupling. 

A similar problem exis t s  for  the scanning channels, i . e . ,  Channels 6 and 7 .  

Although f i l t e r  radiance i s  n o t  a factor here, the same emitted radiance leaks 

ex is t  for  the shortwave channel. The longwave channel responds mostly to  

emitted radiance b u t  will have some small response to  reflected solar radiance 

and will not respond to  a small amount of emitted radiance in the 3 to 5 urn 
range. The channel 6 response i s  then proportional to R + ESW + ELM and the 

longwave channel response i s  proportional to  ET + ESW + RSW. Taking the responses 

of the two channels to  a blackbody and summing them provides a total  of ET + E L M ,  

assuming that  ESW i s  the same for  both channels. In the longwave portion of 

the spectrum the radiance has a l inear  variation with scene temperature. The 

combined channel response then can be expressed by an equation such a s  AT4 + BT + C. 

The constants can be determined by the combined channel responses to three 

target  temperatures, set t ing u p  three equations. I t  should be noted that  the 

two channels are  normalized prior to  the addition for  radiance response. 

If the radiances omitted from the longwave channel and included in the short- 

wave channel are  not equal (and they probably wi 7 1 n o t  be) ,  a reasonably good 

estimate can be made by convolving the system spectral response with the 

spectral radiance of the target  using Planck? equation. The summed responses 

of Channels 6 and 7 then provides ET - ESW7 + ESW6 + ELW6 and the uncertainty in 



t he  d i f f e r e n c e  term ESW6 - ESW7 should be smal l .  A lookup t a b l e  o f  these terms 

f o r  t h e  range o f  temperatures t o  be used i n  the  t e s t  would be usefu l  i n  the  

e l i m i n a t i o n  o f  t he  d i f f e r e n c e  term p r i o r  t o  proceeding as discussed above. 

Enough samples should be taken a t  each temperature t o  p rov ide  a s t a t i s t i c a l l y  

accurate average response. 

Determinat ion o f  t h e  response o f  t h e  longwave channel t o  r e f l e c t e d  s o l a r  

r a d i a t i o n  does n o t  lend i t s e l f  t o  s o l u t i o n  by t e s t i n g .  It i s  recommended t h a t  

t h e  accura te ly  measured response o f  t he  longwave channel i n  t he  reg ion  between 

3 and 6 micrometers be convolved w i t h  t h e  expected spec t ra l  radiance o f  t he  

sun. On a f i r s t  approximation t h i s  can be determined from P lanck 's  equat ion 

f o r  a 5800K blackbody. A more accurate value may be determined us ing  the  

Thekaekara model o f  t he  s o l a r  spectrum*. The r a t i o  o f  t h i s  value t o  the  t o t a l  

s o l a r  r a d i  a t i  on mu1 ti p l  i e d  by t h e  co r rec ted  va l  ue f o r  t h e  r e f  1 ected component 

measured by Channel 6. It should be emphasized t h a t  i n  ground t e s t s  w i t h  a 

s o l a r  s imu la tor ,  t h e  spec t ra l  response o f  t h a t  s imu la tor  must be known t o  

prov ide  a unique c o r r e c t i o n  f a c t o r  f o r  t h a t  source i n  channel 7. Character i -  

z a t i o n  o f  t he  e r r o r  i n  terms i n  the  non-scanning channels p r i o r  t o  system l e v e l  

c a l  i b r a t i o n  w i  11 a1 1 ow sof tware e r r o r  term adjustments and accurate system 

c a l  i b r a t i o n s .  

Dur ing s o l a r  c a l i b r a t i o n ,  t h e  non-scanning t o t a l  channels have s i g n i f i c a n t  

thermal coup l ing  w i t h  the  c y l i n d e r  housing and t h e  s o l a r  aper tu re  (see Sect ion 

4.0). Since the  t o t a l  i r r a d i a n c e  i s  o n l y  about 50 W/M2, the  e f f e c t  on the  

shortwave channels i s  expected t o  be s l i g h t .  The exact  magnitude o f  t h i s  

i r r a d i a n c e  can be determined as a f u n c t i o n  o f  a range o f  inst rument  temperatures 

when v iewing a c o l d  blackbody t a r g e t  through the  s o l a r  por ts .  From temperature 

sensors on t h e  aper tures,  t h e  c y l i n d r i c a l  housing, and the  detectors,  and the  

channel response, the  coup l ing  constant  can be determined. This  cou ld  a l so  be 

done i n - o r b i t  by observing space through the  s o l a r  aper tures be fore  and a f t e r  a 

sun observat ion. 

0 0 

%Matthew P. Thekaekara, " E x t r a t e r r e s t r i a l  So lar  Spectrum, 3000 - 6100 A a t  1 A 
I n t e r v a l s " ,  Appl ied Opt ics,  Vol. 13, No. 3, March 1974. 



O p t i c a l  System Tests  

Three o p t i c a l  t e s t s  a re  recommended, i n c l u d i n g  s p e c t r a l  response, f i e l d  o f  v i e w  

mapping and o u t  o f  f i e l d  response ( s c a t t e r i n g ) .  These t e s t s  should  p robab l y  

precede t h e  o t h e r  system l e v e l  t e s t s .  

Spec t ra l  Response I t  would be p r e f e r a b l e  t o  measure t h e  e n t i r e  system s p e c t r a l  

response on a channel by  channel bas i s .  However, as t h e  s p e c t r a l  r e s o l u t i o n  i s  

inc reased  and t h e  bandwidth decreased, t h e  amount o f  energy i n c i d e n t  on t h e  

d e t e c t o r  f o r  gene ra t i ng  a  response d im in ishes .  O f  p a r t i c u l a r  i n t e r e s t  a re  t h e  

3 t o  6 micrometer  range i n  t h e  shortwave channels and t h e  longwave channel ,  and 

t h e  30 t o  100 micrometer  range i n  t h e  t o t a l  and shortwave channels.  Accurate  

system s p e c t r a l  response measurements i n  these areas a i d  i n  da ta  a r ~ a l y s i s  and 

r e d u c t i o n  (see Sec t i on  5.3.1). I f  p o s s i b l e ,  then,  system l e v e l  s p e c t r a l  response 

measurements shou ld  be made. I f  t h a t  i s  n o t  p o s s i b l e ,  component s p e c t r a l  

response measurements, i - e . ,  measurements o f  d e t e c t o r s ,  m i r r o r s ,  f i l t e r s ,  e t c . ,  

shou ld  be convolved t o  determine t h e  o v e r a l l  system response. 

F i e l d  o f  View Mapping The f i e l d  o f  v iew o f  channels 1  th rough  5 a re  dependent 

on t h e  exac t  d e t e c t o r  s i z e ,  a p e r t u r e  opening and h e i g h t ,  and d e t e c t o r  uni form- 

i t y  o f  response. To e s t a b l i s h  t h e  exac t  t h r e e  d imensional  response, hemispher ic  

response p l o t s  every  45O a re  recommended. That  i s ,  p l o t s  shou ld  be made a l ong  

t h e  O0 - 180°, 45' - 225O, 90° - 270° and 135' - 315' axes over  t h e  angles o f  

i n t e r e s t  i n  d i v i s i o n s  o f  approx imate ly  1/10 t h e  p l a n a r  f i e l d  o f  view. Use o f  

a  l a s e r  o r  o t h e r  c o l l i m a t e d  source i s  suggested. It i s  a l s o  suggested t h a t  

these  measurements be made a t  two d i f f e r e n t  wavelengths i n  each channel .  The 

f i e l d s  o f  v iew o f  Channels 6,  7 and 8 a r e  s e t  by  a  f i e l d  s top .  Three dimen- 

s i o n a l  p l o t s  such as those desc r i bed  above a re  aga in  recommended. A c o l l i m a t e d  

w h i t e  l i g h t  source c o u l d  be used f o r  Channels 6 and 8 w h i l e  an I R  source would 

be a p p r o p r i a t e  f o r  Channel 7. 

Out O f  F i e l d  Response The percentage o f  energy s c a t t e r e d  t o  t h e  d e t e c t o r  f rom 

o u t s i d e  t h e  f i e l d  o f  v iew has been p r e d i c t e d  f o r  t h e  wide f i e l d  o f  v iew channels 

(see Sec t i on  4.0). Measurement o f  t h e  o u t - o f - f i e l d  i r r a d i a n c e  scat . tered on to  



t h e  f i e l d  o f  view can be done as an extension o f  t he  f i e l d  o f  view mapping. 

That i s ,  con t i nua t i on  o f  t h e  mapping beyond t h e  nominal f i e l d  may show small 

wings o r  f i l l e t s  mod i fy ing  the  1  i nea r  response o f  t h e  f i e l d  as i t  approaches 

t h e  zero response p o i n t .  Because the  t o t a l  sca t te red  i n p u t  i s  from an annulus 

around t h e  f i e l d ,  t he  e f f e c t  may n o t  be no t i ceab le  w i t h  a  s i n g l e  source a t  one 

f i e l d  p o s i t i o n  due t o  t h e  channel s e n s i t i v i t y .  The source i r rad iance ,  there-  

f o re ,  w i l l  probably have t o  be increased when mapping i n  t h i s  area i n  order  t o  

see any response. The f i e l d  response i n  t h i s  area can then be normal i z e d  by 

t h e  r a t i o  o f  t he  i r rad iances  used i n  o r  o u t  o f  t he  f i e l d .  

Knowledge o f  t h e  exact  f i e l d  response c h a r a c t e r i s t i c s  prov ides the  exact  s o l i d  

angle f i e l d  o f  view f o r  c a l i b r a t i o n  and w i l l  a i d  i n  l a t e r  data i n t e r p r e t a t i o n s .  

C a l i b r a t i o n  

Wi th  t h e  o p t i c a l  and thermal t e s t s  completed and t h e  GCE software updated 

accordingly ,  t h e  ERBSS inst ruments w i  11 be ready f o r  c a l i b r a t i o n .  These 

c a l i b r a t i o n s  should i nc lude  the  inst rument  channels and i n f l i g h t  c a l i b r a t i o n  

t a r g e t s  and be performed both  i n - a i r  and in-vacuum. The in-vacuum c a l i b r a t i o n s  

should be performed over a  range o f  inst rument  temperatures as p red i c ted  by 

thermal models f o r  o r b i t a l  cond i t ions .  Wi th the  GCE sof tware programs, i t  i s  

expected t h a t  inst rument  p r e c i s i o n  and r e p r o d u c i b i l i t y  w i l l  exceed the  reproduc- 

i b i l i t y  o f  p r a c t i c a l  standards. Shortwave t a r g e t s  such as s o l a r  s imu la tors ,  i n  

p a r t i c u l a r ,  have been demonstratably unstable du r ing  ERB ca l  i b r a t i  ons. The use 

o f  several c a v i t y  radiometers, w i t h  v a r i a b l e  f i e l d s  o f  view, which are  re ferenc-  

ed t o  and c a l i b r a t e d  aga ins t  a  standard c a v i t y  maintained by the  p r o j e c t ,  a re  

recommended as t rans fe r  standards f o r  t h e  program. T h e i r  use w i l l  be descr ibed 

i n  the  f o l l o w i n g  sect ions.  

5.3.3.1 Cal i b r a t i o n  o f  t he  Non-Scanning Inst rument  

Dur ing  cons idera t ions  of c a l i b r a t i o n  techniques f o r  t he  MFOV and WFOV channels, 

i t  became apparent t h a t  t h e  medium f i e l d  o f  view channels should be adjacent  on 

t h e  inst rument  as should the  wide f i e l d  o f  view channels. Th is  w i l l  f a c i l i t a t e  



t h e  use o f  a  s i n g l e  wide o r  medium f i e l d  o f  v iew t a r g e t  f o r  s imultaneous t e s t i n g  

o f  t h e  two channels and i t e r a t i v e  da ta  r e d u c t i o n  u s i n g  ou tpu t s  f rom b o t h  

channels.  Standard t a r g e t s  f o r  these  f i e l d s  o f  v iew do n o t  e x i s t  and t h e  

des ign  and f a b r i c a t i o n  o f  s u i t a b l e  t a r g e t s  w i l l  be among t h e  program tasks .  

Produc ing t a r g e t s  w i t h  h i g h l y  un i f o rm  rad iance  over  t h e  f i e l d s  o f  v iew r e q u i r e d  

i s  expected t o  be d i f f i c u l t ,  p a r t i c u l a r l y  i n  t h e  shortwave spectrtlm. Because 

o f  f i e l d  o f  v iew over laps ,  consecu t i ve  c a l i b r a t i o n s  o f  t h e  medium and wide 

f i e l d  o f  v iew channels w i l l  p robab l y  be a  necess i t y .  Blackbody t a r g e t s  designed 

f o r  min imal  g r a d i e n t s  a re  env i s i oned  f o r  use on t e s t i n g  n o t  o n l y  t h e  t o t a l  

channels b u t  a l s o  t h e  shortwave channels.  I n t e g r a t i n g  spheres, s i m i l a r  t o  o r  

i d e n t i c a l  t o  those  produced under t h e  guidance o f  D r .  Warren Hovis  o f  NOAA f o r  

v a r i o u s  ins t ruments  i n c l u d i n g  t h e  Coasta l  Zone Co lo r  Scanner (CZCS) and ERB f o r  

Nimbus-G, a re  recommended f o r  shortwave and t o t a l  channel c a l i b r a t i o n s .  The 

i n t e r i o r s  o f  these  spheres a r e  p a i n t e d  w h i t e  w h i l e  m u l t i p l e  banks o f  qua r t z -  

i o d i d e  lamps a re  ma in ta ined  a t  n e a r l y  cons tan t  rad iance  by  c u r r e n t  c o n t r o l .  

The s p h e r i c a l  s h e l l s  can be temperature c o n t r o l l e d  by  f l u i d s .  

A mechanized approach i s  suggested here w i t h  t h e  t a r g e t  i r r a d i a n c e  measured 

f i r s t  by  two c a v i t y  rad iomete rs  w i t h  f i e l d s  o f  v iew i d e n t i c a l  t o  those be ing  

c a l i b r a t e d .  The t a r g e t s  ( o r  t h e  c a v i t i e s  and i ns t r umen t )  w i l l  t hen  be moved t o  

t h e  channels t o  be measured. An adequate number o f  da ta  samples shlould t hen  be 

t aken  t o  p r o v i d e  t h e  s t a t i s t i c s  necessary t o  determine t h e  average respons13s 

and t h e  s tandard  d e v i a t i o n s .  The c a v i t y  rad iomete rs  shou ld  have i n t r a - channe l  

spacings and ape r t u res  i d e n t i c a l  t o  those  on t h e  ins t rument .  Four c a v i t y  

rad iomete rs  a re  recommended f o r  t h i s  purpose a l t hough  i t  i s  conce ivab le  t h a t  

two c a v i t i e s  mechanized f o r  v a r i a b l e  spac ing and ape r t u res  c o u l d  be used. The 

exac t  f i e l d s  o f  v iew o f  t h e  c a v i t y / a p e r t u r e  assembl ies should  be measured p r i o r  

t o  c a l i b r a t i o n  u s i n g  t h e  approach d iscussed i n  Sec t i on  5.3.2.  To o b t a i n  

h i g h l y  accura te  c a l i b r a t i o n s  w i t h  non-uni form t a r g e t s ,  t h e  f i e l d s  o f  LI iew o f  

t h e  r e fe rence  c a v i t i e s  and t h e  channels need t o  be n e a r l y  i d e n t i c a l .  A f t e r  

channel c a l i b r a t i o n s ,  t h e  t a r g e t s  shou ld  aga in  be ac tua ted  t o  t h e  c a v i t i e s  f o r  

ano ther  check o f  i r r a d i a n c e .  All da ta  f rom t h e  i ns t r umen t  o r  t e s t  equipment 

shou ld  be sen t  t o  t h e  GCE f o r  p rocess in2 .  That  i s ,  t h e  GCE should  be designed 

f o r  a n a l y s i s  o f  da ta  f rom t e s t  equipment a lso .  The f o u r  channels shoiilci be 



c a l i b r a t e d  a t  va r i ous  i r r a d i a n c e  l e v e l s  (perhaps 10) by b o t h  t a r g e t s  and a t  

va r i ous  i ns t rumen t  temperatures ( i n  vacuum). 

Du r i ng  t h e  "Ea r th  l ook ing "  c a l i b r a t i o n ,  t h e  f o u r  channels should be f r e q u e n t l y  

r o t a t e d  t o  t h e  i n f l i g h t  c a l i b r a t i o n  p o s i t i o n ,  i . e . ,  s o l a r  and blackbody. A 

s o l a r  s imu la to r ,  moni tored by a  c a v i t y  o r  o t h e r  sensor f o r  i n t e n s i t y  v a r i a t i o n  

i s  d i r e c t e d  a t  t h e  s o l a r  p o r t s  d u r i n g  t h e  s o l a r  c a l i b r a t i o n .  Simultaneous 

v i ew ing  by a l l  5 channels would be p r e f e r a b l e  b u t  consecu t i ve  i l l u m i n a t i o n  o f  

each channel may be necessary u s i n g  a l ignment  mechanisms. Data i s  taken  by t h e  

s o l a r  mon i t o r  i n  synchronism w i t h  channel da ta  f o r  n o r m a l i z a t i o n  o f  i n t e n s i t y  

v a r i a t i o n s  by t h e  GCE. The s o l a r  s i m u l a t o r  should be rep laced  by  a c o l d  w a l l  

( s i m u l a t i n g  space) a t  t h e  s o l a r  p o r t s  e i t h e r  p r i o r  t o  o r  a f t e r  t he  s o l a r  

c a l i b r a t i o n  f o r  de te rm in ing  o f  thermal  l o a d i n g  o f  t h e  channels by t h e  s o l a r  

aper tu res  and i nstrument housing d u r i n g  t h e  s o l a r  measurement. A f t e r  t h e  i n- 

f l i g h t  blackbody t a r g e t s  have been on l o n g  enough f o r  s t a b i l i z a t i o n ,  t h e  

channels a r e  r o t a t e d  t o  t h e  b lackbod ies  f o r  c a l i b r a t i o n  o f  t h e  t o t a l  channels. 

I n  t h i s  ope ra t i on ,  t h e  i ns t rumen t  serves as a  t r a n s f e r  s tandard a l l o w i n g  t h e  

i n f l  i g h t  b lackbodies t o  be c a l  i b r a t e d  a g a i n s t  t h e  wide f i e l d  b lackbodies w i t h  

t r a c e a b i l i t y  t o  t h e  s tandard c a v i t y .  

The sequence o f  a  t y p i c a l  c a l i b r a t i o n  m igh t  be: 

( 1) Measurement o f  t h e  blackbody t a r g e t  by t h e  two c a v i t i e s  w i t h  MFO'V aper tu res  

( 2) Movement o f  t h e  t a r g e t  t o  t h e  MFOV channels and measurements i n  those 

channel s. 

( 3) The t a r g e t  i s  moved back t o  t h e  MFOV c a v i t i e s  f o r  remeasurement 

( 4) Blackbody t a r g e t  measurement by WFOV c a v i t i e s  

( 5) WFOV blackbody c a l i b r a t i o n  

( 6 )  Blackbody remeasurement by WFOV c a v i t i e s  

( 7) Ro ta t i on  t o  i n f l i g h t  blackbody f o r  c a l i b r a t i o n  

( 8) Measurement o f  shortwave t a r g e t  by MFOV c a v i t i e s  ( w i t h  l i g h t s  on and o f f  

t o  measure t h e  e m i t t e d  rad iance  w i t h  t h e  1 i g h t s  o f f ) .  

( 9) Shortwave c a l i b r a t i o n  o f  MFOV channels 

(10) Shortwave t a r g e t  remeasurement by MFOV c a v i t i e s  



(1 1 ) Measurement of shortwave target by WFOV cavities 

(1 2) Shortwave cal ibration of WFOV channels 

(1 3) Remeasurement of shortwave target by WFOV cavitiss 

(14) Rotation of channels to solar ports for space measurements 

(1 5) Cal i bration through solar ports with solar simulator 

The entire sequence is then repeated at different target radiances although 

inflight calibrations need not be made at each radiance level. The initial 

calibration would probably be done in air followed by the vacuum calibration. 

The in-vacuum cal i bration (the entire sequence) should be repeated at various 

instrument temperatures. The initial in-air and in-vacuum tests provide the 

baseline instrument characterization for additional in-air calibrations. 

5.3.3.2 Calibrations of the Scanning Instrument 

The scanning instrument channels should be calibrated using techniques and 

sequences similar to or identical to those used for the non-scanning instrument, 

Calibration should be performed both in the scanning and stopped modes of oper- 
ation at nadir and at the in-flight targets as applicable to the design. The 

Earth looking calibration is performed with blackbody and shortwave targets 

(possibly the same targets used for the MFOV and WFOV channels) using a cavity 

radiometer with approximately a 3O by 6" field of view to measure the target 

radiance at the proper scan position. A sufficient number of samples for 
statistical purposes are then taken in the scanning and stopped mode in each 

channel. During calibration with the blackbody, samples are taken at the in- 

flight blackbody target scan position for calibration transfer via Channel 7. 
Similarly, samples are taken at the diffuser target position during calibration 

with the shortwave target in Channels 6 and 8. 

The diffuser target is illuminated by the solar simulator which is monitored as 

it was during the solar calibration of the non-scanning instrument. It is 

suggested that the scanning instrument be designed for insertion of a 3" field 

of view cavity to view radiance from the diffuser during these calibrations. 

The sequence of calibration is as follows: 



( 1  ) Measurement o f  blackbody t a r g e t  w i t h  3' X 6' c a v i t y  radiometer 

( 2) Cal i b r a t i o n  o f  scanning channel s  i n  scan mode 

( 3) Cal i b r a t i o n  o f  channels i n  stopped mode 

( 4) Remeasurement o f  blackbody t a r g e t  by c a v i t y  

( 5) C a l i b r a t i o n  o f  i n f l  i g h t  blackbody by Channel 7  i n  scan mode (as app l icab le)  

( 6) Ca1 i b r a t i o n  o f  i n f l  i g h t  blackbody by Channel 7  i n  stopped mode (as appl i cab le )  

( 7 )  Measurement o f  shortwave t a r g e t  w i t h  3' x 6' c a v i t y  (1 i g h t s  on and o f f )  

( 8) C a l i b r a t i o n  o f  channels i n  scan mode 

( 9) C a l i b r a t i o n  o f  channels i n  stopped mode 

(10) Remeasurement o f  shortwave t a r g e t  by c a v i t y  

(1 1  ) Cal i b r a t i o n  o f  d i f f u s e r  t a r g e t  i n  scan mode (as appl i c a b l  e) 

(12) C a l i b r a t i o n  o f  d i f f u s e r  t a r g e t  i n  stopped mode (as app l icab le)  

The e n t i r e  sequence i s  then repeated a t  o the r  t a r g e t  radiance l eve l s .  I n  

vacuum, t h e  ins t rument  temperature i s  a  v a r i  ab le  f o r  each complete sequence. 

Dur ing i n - a i r  t e s t i n g ,  v a r i a b l e  inc idence angles should be used f o r  t he  s o l a r  

s imu la tor  radiance on the  d i f f u s e r  t o  cha rac te r i ze  the  re f l ec tance  o f  t he  

d i f f u s e r .  

GROUND CHECKOUT EQUIPMENT 

The Ground Checkout Equipment (GCE) prov ides the  spacecraf t  i n t e r f a c e  t o  the  

instruments. I t  a lso  generates data products from raw data necessary t o  

demonstrate inst rument  accuracy and p rec i s ion .  

5.4.1 Elements o f  t he  GCE 

As a  minimum, i t  i s  suggested t h a t  t h e  GCE should inc lude:  

Power supp l ies  

System c locks  

e Command Panel 

e TIP (TIROS In fo rma t ion  Processor) Simulator  

0 TTY 



e Mini-Computer 

@ P r i  n t e r / P l o t t e r  

@ Tape Recorder 

e C a v i t y  Radiometer I n t e r f a c e s  

e Targe t  Mon i t o r  I n t e r f a c e s  

e Mechanism Con t ro l  s  

e Osci 11 oscope 

Data p roduc ts  a re  c o r r e c t e d  data,  a n a l y s i s  r e s u l t s ,  command s t a t u s ' ,  house- 

keeping t e l e m e t r y  da ta ,  f i e l d  o f  v iew p l o t s  and l i m i t s  s t a t u s '  o f  c r i t i c a l  

parameters. 

Data r e d u c t i o n  w i l l  be per formed s imu l taneous ly  w i t h  da ta  r e c o r d i n g  aiid s torage.  

5 .4 .2  Sof tware 

As p r e v i o u s l y  i n d i c a t e d ,  a  p r ime f u n c t i o n  o f  t h e  GCE i s  t h e  r e d u c t i o n  of 

i n s t r umen t  channel da ta  th rough  i t e r a t i v e  processes. I n  p r a c t i c e  t h e  e a r t h  

l o o k i n g  medium and wide f i e l d  o f  v iew channel da ta  i s  c o r r e c t e d  as f o l l o w s :  

( 1 )  C o r r e c t i o n  o f  t o t a l  channel f o r  ape r t u re /de tec to r  c o u p l i n g  

(2) S u b t r a c t i o n  o f  shor tware f rom t h e  t o t a l  channel t o  determine,  on a f i r s t  

l o o k  bas i s ,  t h e  longwave va lue.  

(3) C o r r e c t i o n  o f  shortwave f o r  dome g r a d i e n t s ,  longwave and 3  t o  5 micrometer 

1 eaks o f  e m i t t e d  r a d i a t i o n .  

(4) Redetermi n a t i o n  o f  longwave component f rom c o r r e c t e d  shortwave v a l  ue. 

(5 )  F i n a l  shortwave computat ion f rom rede te rmined  1 ongwave coup1 i ng t o  done. 

F i n a l  da ta  p roduc ts  a re  thus  p rov i ded  f o r  t h e  MFOV and WFOV shoritwave and 

longwave energy components. Co r rec t i ons  a re  made f rom lookup t a b l e s  d e r i v e d  

f rom t e s t  r e s u l t s ,  and housekeeping da ta  and channel da ta  a l go r i t hms .  F i n a l  

c a l i b r a t i o n  da ta  f o r  a cons tan t  source a r e  averaged and t h e  s tandard d e v i a t i o n  

o f  t h e  samples computed. The average va lues  and t h e  measured source rad iances 

(by t h e  c a v i t y  rad iomete rs )  a re  combined and a  l e a s t  squares b e s t  f i t  s t r a i g h t  



l i n e  f u n c t i o n  determined t o  cha rac te r i ze  t h e  data. Other ana l ys i s  programs 

should i nc lude  s o l a r  and i n f l i g h t  c a l i b r a t i o n  data c o r r e c t i o n ,  scanning channel 

e a r t h  l ook ing  da ta  c o r r e c t i o n ,  scanning channel c a l i b r a t i o n  data ccori-ection, 

f i e l d  o f  v i e w  p l o t s ,  s o l i d  angle f i e l d  o f  v iew c o r r e c t i o n s  and channel coreg is -  

t r a t i o n  r e s u l t s .  




